REMARKS 



Claim Amendments 

Claims 17, 19-21, 23-24, 28-29, 31, 33-34, 38-39, 41, 43, 46, 47, 49 and 54-56 are 
currently pending in the application. Claim 3-6, 9-16, 18, 22, 25-26, 27, 30, and 35-37 were 
previously cancelled. Claims 1-2, 7-8, 32, 40, 42, 44-45, 47-48, 50-53 have been newly 
cancelled without prejudice to pursuing subject matter of these claims in this or another 
application. Claims 17, 19-21, 23-24, 28-29, 31, 33-34, 38-39, 41, 43, 46, 47, 49, and 54-55 are 
newly amended; while claim 56 is newly added. The claim amendments find support in the 
specification and are discussed below. 

Independent claims 17, 19, 54 and 55 have been amended to ensure clarity within the 
claims. Newly added claim 56 notes that quantification of the level of amplification products 
quantified in step (b) can be effected by determining a quantity of the amplification product 
relative to a housekeeping gene. Support for this amendment is found in paragraph [0163] and 
[0164] and in Figure 5B of the published application US 2007/0031841 (hereinafter the 
Published Application"). 

Claim Objections 
The Examiner has objected to the following informalities: 

(a) Claim 1 read "diagnosing or prognosing a disease a test subject". As noted above 
independent claim 1 has been cancelled. 

(b) Claim 17 recited "of blood samples which have 'no' been fractionated". The word 'no' 
replaced with the proper term 'not 1 . 

(c) Claim 21 recited "an amplification products". Claim 21 has been amended to recite 
"amplification products" and the term 'an' deleted, 

(d) Claim 34 was objected to under 37 CFR 1.75(c) as being of improper dependent form. 
As noted above, claim 1 has been cancelled and claim 34 has been amended to delete the 
dependency of claim 34 from claim 1 . 

In view of the above amendments, the Applicant believes that they have overcome the 
informalities objections raised by the Examiner. The Applicant respectfully requests 



reconsideration and withdrawal of the rejection. 



35 U.S.C § 112, 2nd Paragraph Rejections - Indefiniteness 
The Examiner has objected to claim 17, and those claims dependent from claim 
17, as being indefinite because claim 17 recites that each of said genes is identified "as a further 
marker of said disease" yet no marker was identified as a first marker within the claim. Claim 17 
has been amended to delete the reference to a "further" marker. The Applicant has thus clarified 
that the method of claim 17 identifies two or more markers useful for diagnosing disease. In 
view of the above amendments, the Applicant believes that they have overcome the 
indefiniteness rejection raised by the Examiner against claim 17 and those claims dependent 
upon claim 17. The Applicant respectfully requests reconsideration and withdrawal of the 
rejection. 

35 U.S.C. § 112, 1st Paragraph Rejection - Written Description 

The Examiner has objected to claims 39 and 46 as failing to comply with the written 
description requirement. More particularly the Examiner has objected to the language "subjects 
having said disease... have no overt symptoms with respect to said disease" found in claim 39, 
and the language "said subjects having said disease are asymptomatic with respect to said 
disease" found in claim 46. The Examiner also argues that the phrase "subjects having said 
disease are asymptomatic with respect to said disease" is new matter. 

To satisfy the written description requirement, patents must describe the technology that 
is sought to be patented so as "to satisfy the inventor's obligation to disclose the technologic 
knowledge upon which the patent is based, and to demonstrate that the patentee was in 
possession of the invention that is claimed." Capon v. Eshhar, 418 F.3d 1349, 1357, 76 USPQ2d 
1078, 1084 (Fed. Cir. 2005). The inquiry is primarily factual and depends on the nature of the 
invention and the amount of knowledge imparted to those skilled in the art by the disclosure (In 
re Wertheim, 541 F.2d at 262, 191 USPQ at 96). 

The Examiner agrees that the Applicant has reduced to practice an example whereby the 
insulin gene was identified as a biomarker which is differentially expressed between control 
patients and a person having asymptomatic diabetes (paragraph [0164] and Figure 5 A of the 



Published Application). The Applicant also notes the additional teaching of the second gene zfp, 
which is also identified by the Applicant as differentially expressed between control patients and 
persons having asymptomatic diabetes (See paragraph [0162] and [0164] and Figure 5B of the 
Published Application). Therefore, the Applicant has taught a method of identifying two or more 
markers useful for diagnosing asymptomatic diabetes, using primers specific for the insulin and 
zfp genes, respectively, producing amplification products from RNA of blood samples which 
have not been fractionated into cell types from subjects having asymptomatic diabetes, 
quantifying a level of said amplification products (see Figure 5A and Figure 5B), and 
quantifying a level of the control amplification products (see Figure 5A and Figure 5B) to 
determine a difference of expression indicative of asymptomatic diabetes. 

The Examiner however is concerned that there is insufficient written description support 
because "the specification does not provide any discussion of how the disclosed methods could 
be applied to any patient asymptomatic of disease" (p. 5 of Office Action dated March 8, 2007 
hereinafter the "Office Action"). The Examiner seems, in particular, to be concerned that the 
specification does not disclose how to identify patients who are asymptomatic for disease. For 
example, the Examiner suggests that identifying patients who are asymptomatic for disease is not 
possible - stating "the use of the term "asymptomatic diabetes" is somewhat of a misnomer 
because in order to in fact determine a patient as being within this class, some symptoms of 
diabetes must be present" (p.5 of Office Action), and "it is not even clear that one could HAVE 
heart failure but be asymptomatic for heart failure" (p. 6 of Office Action). Thus the Examiner 
suggests that the presence of disease cannot be determined unless the patient has symptoms. 
This is not correct, and does not take into account the meaning of the term "symptom" as would 
be understood by a person skilled in the art. A symptom of disease is defined as something 
abnormal that is subjectively experienced by a patient. See, for example, the definition of 
"symptom" in Stedman's 27 lh edition Medical Dictionary (enclosed) which defines a symptom as 
"any morbid phenomenon or departure from the normal in structure, function, or sensation, 
experienced by the patient and indicative of disease" (p. 1742). In contrast, "signs" of disease 
are def ined as "any abnormality indicative of disease, discoverable on examination of the patient; 
an objective indication of disease, in contrast to a symptom, which is a subjective indication of 
disease" ( Stedman's 27 lh edition Medical Dictionary p. 1635). Diagnosing disease in 
asymptomatic patients using objective medical tests was well known in the art for many diseases 
prior to the Applicant's invention. 



For example, glycemic testing to screen asymptomatic patients for Type II diabetes was 
well known before the invention date, as were recommendations to screen for asymptomatic 
patients based on these tests as set out by the American Diabetes Association (see for Example 
Diabetes Care January 1 999 Vol. 22 p. S20 enclosed). Also, the use of tests such as transthoracic 
two-dimensional echocardiography (TTE) to screen for congenital heart defects which result in 
sudden death was often performed in athletes prior to the Applicant's invention (see, for 
example, "In vivo detection of coronary artery anomalies in asymptomatic athletes by 
echocardiography screening." Chest 1998 July 1 14(1) 89-93 (enclosed)). Identification of 
asymptomatic patients in other disease areas was also well known before the date of the 
Applicant's invention. For example, screening tests such as fecal occult blood test, digital rectal 
examination, and endoscopy to detect the presence of colorectal cancer have been well 
documented since as early as 1986 (Arch Surg. 1986 Nov; 1 2 1 ( 1 1 ): 1 347-52 (enclosed)) and 
recommended by many institutions including the American Cancer Society (see Byers T, Levin 
B, Rothenberger D, Dodd GD, Smith RA. American Cancer Society guidelines for screening and 
surveillance for early detection of colorectal polyps and cancer: update 1997. American Cancer 
Society Detection and Treatment Advisory Group on Colorectal Cancer CA Cancer J Clin. 
1 997;47: 1 54-60 (enclosed)). Also, the use of a pap smear for early detection of cervical cancer 
(see Canadian Medical Association Journal (1982) 127(7) "Cervical cancer screening programs, 
summary of the 1 982 Canadian task force report (enclosed)) is well documented, and blood tests 
to screen for hyperthyroidism to diagnose asymptomatic patients was performed as early as 
1862. (see Abstract Presse Med. 1983 Jan 22; 1 2(3): 1 47-5 1 (below)). 

There is nothing in law which suggests that reduction to practice of a single species 
encompassed within a genus is insufficient to support written description (Enzo Biochem, 323 
F.3d at 966, 63 USPQ2d at 1615; Noelle v. Lederman, 355 F.3d 1343, 1350, 69 USPQ2d 1508, 
1514 (Fed. Cir. 2004) (Fed. Cir. 2004)). Furthermore, it is well known that a patent application 
need not teach, and preferably omits, that which was well known in the art (Hybritech v. 
Monoclonal Antibodies Inc. 802 F2d. 1367 (1986)). The Applicant describes the problem faced 
in the prior art very broadly, noting the prior art was deficient in "non-invasive methods to 
screen for tissue specific disease" (see paragraph [009] of the Published Application) and further 
describes the invention broadly, noting "It is believed that the present finding can potentially 
revolutionize the way diseases are detected , diagnosed, and monitored... because it 
provides... quick screening for tissue specific transcripts. . .as they reflect disturbances in the 



homeostasis in the human body" (see paragraph [0013] of the Published Application). Thus 
the Applicant's invention is not limited to identifying transcripts which diagnose disease only 
once it has progressed so as to become symptomatic, but recognizes that the blood can detect all 
disturbances to the status quo. The fact that a specific example has been reduced to practice 
whereby two markers are identified which are useful to screen for asymptomatic diabetes 
provides further recognition within the specification of the broad applicability of the disclosed 
method to patients who are asymptomatic for disease in the identification of disease markers. As 
described above, the identification of patients who are asymptomatic for disease was well known 
in the art at the time of the Applicant's invention and as such, the use of these patients within the 
methods disclosed by the Applicant would be well understood. In view of the above arguments, 
the Applicant respectfully requests reconsideration and withdrawal of the rejection. 

35 U.S.G § 112, 1st Paragraph Rejection - Enablement 

Claims 1, 2, 32, 44, 45, 47 and 48 are rejected for failing to comply with the enablement 
requirement. Furthermore claims 20, 21, 23, 24, 28, 29, 31, 33, 34, 38, 41 and 43 are also 
rejected for failing to comply with the enablement requirement, to the extent that these claims are 
dependent on independent claims 1 and 2. More specifically the Examiner contends that the 
"clear language of the claim is that the determination of a difference in step (c) results in 
diagnosing or prognosing a disease in a test subject", and as such the Applicant is required to 
disclose "minimal sets of two or more genes whose differential expression between a sample and 
a control is sufficient to determine that a disease is present or to predict the outcome of disease". 

While disagreeing with this view as to the requirement to enable independent claims 1 
and 2, and those claims dependent thereon, the Applicant has nonetheless cancelled independent 
claims 1 and 2 subject to the Applicant's rights to pursue the subject matter of these claims in 
another application. In view of the above amendments, the Applicant respectfully requests 
reconsideration and withdrawal of the rejection. 

35 U.S.G § 112 , 1st Paragraph Rejection - Written Description 

The Examiner has rejected claim 43 under 35 U.S.C. 112 1 st paragraph as failing to 
comply with the written description requirement. More specifically the Examiner has objected to 



these claims because they are drawn broadly to the "diagnosis or prognosis of colorectal cancer, 
diabetes or heart failure by the detection of expression of two or more genes". 

The Applicant has amended claim 43 so that it no longer depends from claims 1 and 2. 
As such, newly amended claim 43 is no longer drawn to methods which require the "diagnosis or 
prognosis" of the selected group of diseases. As such, in view of the above amendments, the 
Applicant respectfully requests reconsideration and withdrawal of the rejection. 

35 U.S.C. § J 03 - Ringel and Kinoshita 

The Examiner has rejected claims 7, 8, 20, 21, 23, 24, 28, 29, 31, 33, 34, 38, 40, 42, 49, 
52, and 53 as being obvious over the combination of Ringel et al. in view of Kinoshita et al. The 
Applicant disagrees that Ringel et al. in view of Kinoshita et al. makes the above noted claims 
obvious; nevertheless, in the interest of expediting prosecution, and subject to the Applicant's 
rights to pursue the subject matter of these claims in another application, the Applicant has 
cancelled independent claims 7, 8, 52 and 53. Furthermore the Applicant has amended 
dependent claims 20, 21, 23, 24, 28, 29, 31, 33, 34, 38, 40, 42, and 49 so as to remove reference 
to cancelled claims 7 and/or 8 as appropriate. In view of the above amendments, the Applicant 
respectfully requests reconsideration and withdrawal of the rejection. 

35 U.S. C.§103- Nagai and Kephart 

The Examiner has rejected claims 7, 8, 20, 21, 23, 24, 28, 29, 31, 33, 34, 38, 40, 42, 52, 
and 53 as being obvious over the combination of Nagai et al. in view of Kephart. * The Applicant 
disagrees that Nagai et al. in view of Kephart makes the above noted claims obvious; 
nevertheless, in the interest of expediting prosecution, and subject to the Applicant's rights to 
pursue the subject matter of these claims in another application, the Applicant has cancelled 
independent claims 7, 8, 52 and 53. Furthermore the Applicant has amended dependent claims 
20, 21, 23, 24, 28, 29, 31, 33, 34, 38, 40, 42, and 49 so as to remove reference to cancelled 
claims 7 and/or 8 as appropriate. In view of the above amendments, the Applicant respectfully 
requests reconsideration and withdrawal of the rejection. 



35 U.S.C. § 103 - Wong and Kephart 



The Examiner has rejected claims 1, 2, 7, 8, 17, 19, 20, 21, 23, 24, 28, 29, 31, 33, 34, 38, 
40, 42, 44, 45, 47, 48, 50, 51, 52, 53 and 55 as being obvious over the combination of Wong et 
al. in view of Kephart. 

As described in detail below, the combination of Wong et al. and Kephart fails to make 
the invention as claimed obvious. First, there is no prima facie case because Kephart does not 
fairly suggest to a person skilled in the art that RNA expression levels in the blood samples 
claimed are the equivalent of expression levels in PMNCs. Post-filing reference Du et al. 1 is 
provided to demonstrate that expression within each cell type differs and expression in 
polymorphonuclear cells in particular cannot merely be considered background. In addition, 
Kephart teaches away from the combination by teaching blood cells provide unwanted 
background and thus methods which increase the potential background as taught by Kephart are 
to be avoided. 

Second, there is no reasonable expectation of success in detecting afp encoded RNA in 
healthy individuals using the methods taught by Kephart. Wong et al. itself does not enable 
detection and quantification of afp encoded RNA in healthy individuals and each of pre-filing 
references Matsumura et al., 1994 2 , Matsumura et al., 1995 3 , Funaki et al. 4 Lemoine et al. 5 and 
Liu et al. 6 demonstrate that afp RNA was not detected in healthy individuals using methods akin 
to Kephart. Finally, post-filing reference Lupberger et al. 7 provides additional evidence that the 
detection of afp RNA in healthy individuals would not be enabled by the methods of Kephart as 
applied to Wong et al. because the volumes required by Kephart's techniques to detect afp RNA 
in healthy individuals are overwhelmingly large. In addition, Kephart teaches away from using 

1 Du et al. (2006) (Genomic profiles for human peripheral blood T cells, B cells, natural killer cells, monocytes, and 
polymorphonuclear cells: Comparisons to ischemic stroke, migraine and Tourctte syndrome) Genomics 87 693-703) 
: Matsumura et al., 1994 Detection of alpha-fetoprotein mRNA, an indicator of hematogenous spreading hepatocellular 
carcinoma, in the circulation: a possible predictor of metastatic hepatocellular carcinoma. Hepatology. 20: 1418 

3 Matsumura el al., 1995 Sensitive assay for detection of hepatocellular carcinoma associated gene transcription (alpha- 
fetoprotein mRNA) in blood. Biochem Biophys Res Commun. 207:813 

4 Funaki et al., 1994 (Highly-sensitive identification of alpha-fetoprotein mRNA in circulating peripheral blood of hepatocellular 
carcinoma patients. Life Sci. 57:1621) 

5 Lemoine et al. 1997 Prospective evaluation of circulating hepatocytes by alpha-fetoprotein mRNA in humans during liver 
surgery. Ann Surg. 226:43) 

6 Liu et al., 1998 The detection of circulating hepatocellular carcinoma cells in peripheral venous blood by reverse transcription- 
polymerase chain reaction and its clinical significance. Zhonghua Wai Ke Za Zhi. 36:60. 

Lupberger J, Kreuzcr KA, Baskaynak G, Peters UR, Ic Coutre P, Schmidt CA. Links 
Quantitative analysis of beta-actin, beta-2-microglobulin and porphobilinogen deaminase mRNA and their comparison as control 
transcripts for RT-PCR. Mol Cell Probes. 2002 Feb;l 6(1 ):25-30. 



rare mRNAs and Lupberger et al. and pre-filing reference Matsumura et al., 1994 provide 
evidence that afp encoded RNA in healthy individuals is a rare mRNA in comparison with beta- 
actin. 

A. No Prima Facie Case - Prior Art Does Not Teach All Elements of the Claimed 
Invention 

(i) Wong does not teach quantifying the amount of RNA expressed by afp and 

alb in all RNA expressing cells in whole blood and determining a difference 
as required by the claims and Kephart does not provide these missing 
elements 

The prior art reference (or references when combined) must teach or suggest all the 
claim limitations (In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974)). 

While the Examiner recognizes that Wong et al. u do[es] not teach detection of gene 
expression in a blood sample which has not been fractionated into cell types" (p. 17 of Office 
Action ), the Applicant notes that, in fact, Wong does not teach ANY of the following limitations 
as required pursuant to the Applicant's claims: 

(i) detecting alb and afp gene expression in a blood sample which has not been 
fractionated into cell types (ie peripheral mononuclear cells, polymorphonuclear cells etc.) in 
subjects having disease; 

(ii) quantitating the amount of alb and afp gene expression in a blood sample which has 
not been fractionated into cell types ; and 

(iii) determining a difference between the amount of alb and afp gene expression in the 
blood samples of the subjects having disease and comparing with a quantified amount of alb and 
afp gene expression in blood samples which have not been fractionated into cell types in control 
subjects such that the difference identifies alb and afp as markers of said disease. Similarly, 
Wong et al. does not teach detecting, quantifying, and determining a difference in levels of afp or 
alb RNA such that the differences identify alb and afp as markers of disease using RNA of 
unfractionated cells of lysed blood samples as between subjects having disease and control 
subjects. 

The Examiner notes that Wong et al. detects afp and alb encoded RNA only in a Ficoll- 
fractionated preparation of peripheral mononuclear cells (PMNCs). Wong et al. does not teach 



the amount of alb and afp gene expression in samples which include polymorphonuclear cells , 
does not quantitate the amount of alb and afp gene expression in samples which includes 
polymorphonuclear cells in individuals having disease, and does not determine a difference in 
the amount of alb and afp RNA quantitated in subjects having disease, as compared with control 
samples, when the quantified amount of alb and afp in control samples includes the amount of 
alb and afp RNA detected in polymorphonuclear cells . 

The Examiner suggests, in the context of the s. 103 combination of Nagai and Kephart, 
that the missing elements described in the preceding two paragraphs are provided by Kephart 
because Kephart u clearly considered that the results would be similar enough that their method 
be used instead of methods which require the isolation of mononuclear cells" (p. 28 of Office 
Action), and teaches that "the fact that there are additional cell types in the blood sample which 
express genes may [merely] add to the backgrounds of the assay" (p. 28 of Office Action). 

With respect, this interpretation of Kephart goes beyond what would reasonably be 
understood by a person skilled in the art. While Kephart discusses the technique of RT-PCR 
broadly stating "RT-PCR is an extremely sensitive and versatile technique that can be utilized for 
a variety of applications. In this technique, total or selected RNA [i.e., poly(A)+] is used as a 
substrate for detecting specific transcripts, to estimate relative expression levels of a gene of 
interest or to amplify cDNA products for use in applications such as cloning or in vitro 
translation" (p.l 1), a person skilled in the art would not understand this to mean the Kephart 
methods will be successful in all instances where RT-PCR and blood RNA are utilized. The 
Applicant notes that "a reference must be considered not only for what it expressly teaches, but 
also for what it fairly suggests" (In re Burckel, 592 F.2d 1 1 75, 1 1 79, 201 USPQ 67, 70 (CCPA 
1 979)). The Applicant further notes that a prior art reference's expansive predictions about its 
own significance do not necessarily govern (In re Bell, 991 F.2d 781, 784 (C.A.Fed.1993)). 

In this case, however, Kephart is not making overly expansive predictions, but merely 
states that the utility of the application depends upon the researcher's needs (ie "Whole 
blood is a valuable tissue source for RT-PCR methodologies used in a variety of research 
applications. . . .The three protocols, which differ in their basic strategy, enable researchers to 
utilize the methods that best suit their laboratory and research needs" (p. 14)) and "the 
extreme simplicity and high throughput capacity of this technique may make it an appropriate 
alternative to traditional RNA isolation techniques for use in some RT-PCR applications" 
(p. 12 last sentence). 



Kephart notes other limitations of his techniques as well, stating "increasing amounts of 
cell derived inhibitory agents at higher concentrations (Figure 3, lane 2)" (see also Figure 2, lane 
2) and the potential for increased background due to contamination may interfere with the 
detection of rare RNAs ", To the extent that Kephart can even be considered to look at the 
question of quantification as compared to mere detection , Kephart demonstrates that 
amplification is not linear within the small volumes taught (ie less than 10|j.l). There is no 
evidence that Kephart is suggesting that quantification of the amount of RNA will not be 
affected by the additional cell types found in whole blood samples and that these additional cells 
merely add background noise when determining a difference relative to hepatocellular 
carcinoma. If Kephart was suggesting that quantification of levels of RNA are comparable 
between whole blood samples and fractionated blood samples, a person skilled in the art would 
at least expect Kephart to provide data to compare the level of the housekeeping gene beta-actin 
detected in whole blood samples against the levels of beta-actin isolated from mononuclear cells. 
No such data is presented. 

Clearly, therefore, Kephart cannot even fairly suggest that quantification of the amount 
of RNA expressed by both alb and afp is not affected by the additional cell types found in whole 
blood samples such that these additional cells merely add background noise and will not affect a 
determination of a difference between the levels of alb and afp RNA as between individuals 
having HCC and control subjects. 

Post filing reference Du et al. provides evidence which demonstrates that each of the 
blood cell types can provides its own unique contribution towards a measured level of expression 
as between disease and control subjects. Du et al. states "several blood RNA isolation methods 
have been used to date... however, the RNA isolated using these methods comes from 
various blood cell subsets that originate from different developmental lineages, perform 
separate and distinct biological functions, and, most likely, have very different genomic 
expression signatures."... "a disease may predominately affect one specific blood cell 
subtype while sparing others. Therefore, characterizing the contribution of every blood 
cell subtype to the overall blood genomic pattern may be essential to distinguish significant 
genomic changes from noise, interpret the disease-related patterns, and decide on the 
proper blood cell types to perform follow-up confirmatory analyses" (see p. 693 last 
paragraph and p. 694 l sl paragraph). In fact, the experiments in Du et al. indicate that certain cell 
types contribute more to certain diseases than others noting "Tourette syndrome, . . .appears to be 



associated with changes in gene expression in NK cells and/or CD8+ cells ..."[while]blood 
genomic response following acute ischemic stroke was predominantly from PMNs 
[polymorphonuclear cells] based upon the current finding and those of our recent ischemic stroke 
study. . .[whereas] blood genomic patterns for migraine headache is more heterogeneous, with 
several blood cell types affected, including platelets and monocytes'' (see p. 701, 1 st column). 
Thus Du et al. provides additional support to demonstrate that Kephart combined with Wong et 
al., do not teach each of the elements of the claimed invention. In view of the above arguments, 
the Applicant respectfully requests reconsideration and withdrawal of the rejection. 

(ii) Wong et al teaches away from the combination by teaching a determination of the 
amount of RNA expressed in HCC ONLY because of the difficulty with background already 
found in PMNCs alone. 

The prior art reference (or references when combined) must teach or suggest all the claim 
limitations (In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974)). A prior art reference must 
be considered in its entirety, i.e., as a whole, including portions that would lead away from the 
claimed invention. W.L. Gore & Associates, Inc. v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 
(Fed. Cir. 1983), cert, denied, 469 U.S. 851 (1984). 

In this case, the Examiner has suggested that each of the elements of the claims is taught 
by Wong et al., with the exception that Wong et al. "does not teach detection of gene expression 
in a blood sample which has not been fractionated into cell types" and that Kephart provides this 
missing element. As stated above, Wong et al., in fact, does not teach ANY of detecting, 
quantifying, and determining a difference in expression levels of afp or alb RNA such that the 
differences identify alb and afp as markers of disease using either (i) a blood sample which has 
not been fractionated into cell types, or (ii) RNA of unfractionated cells of lysed blood samples 
as between subjects having disease and control subjects. 

Wong et al., however, does specify that the purpose of their teachings is to "develop a 
scmi-quantitivc estimation of the amount of " hepatocyte specific" mRNAs in the 
circulation of normal subjects and HCC patients for differential detection of HCC cells 
rather than normal PMNCs (see Introduction pg. 628). Wong et al. notes that while the 
expression of afp and alb genes had previously been associated with the presence of metastasis 
(e.g. see introduction citing Hillaire et al, 1994, Matsumura et al., 1994, Kar and Carr, 1995; 
Komeda et al., 1995 and Nambu et al. 1995), the specificity of the genes were brought into 



question because alb and afp were detected in the peripheral blood of patients that did not have 
hepatocellular carcinoma. Thus the fact that Wong et al. teaches "quantitative estimation of the 
amounts of "hepatocyte-specific" mRJMAs for differential detection of HCC cells rather than 
normal PMNCs" is critical. This teaches away from detecting and quantifying the contribution 
of even peripheral blood mononuclear cells in determining a difference indicative of disease. 
Thus given the teachings of Wong et al. that even PMNCs are contributing unwanted 
background due to "illegitimate transcription" and the importance of quantitating so as to ensure 
that the unwanted background is removed from the calculation of the detection of circulating 
HCC cells, a person skilled in the art would be led away from the combination with Kephart 
since this combination would utilize a method which has the potential to introduce even more 
unwanted background by introducing more blood cells. In view of the above arguments, the 
Applicant respectfully requests reconsideration and withdrawal of the rejection. 

B. No Prima Facie Case - No Reasonable Expectation of Success 
According to the Examiner, Wong et al. teaches all of the elements of the claims with the 
exception that "Wong et al. does not teach detection of gene expression in a blood sample which 
has not been fractionated into cell types". 

Even if, contrary to the Applicant's arguments above, the Examiner considers that Wong 
et al. teaches all of the elements of the current claims, in order for the combination of Wong et 
al. and Kephart to result in a prima facie case, there must be a reasonable expectation of success 
that the combination will result in the performance of a method falling within the scope of the 
Applicant's claims (In re Royka, 490 F.2d 981, 180 USPQ 580 (CCPA 1974) In re Rinehart, 531 
F.2d 1048, 189 USPQ 143 (CCPA 1976)). Thus, the practicing of the invention as taught by 
Wong et al., but applying one of the methods taught by Kephart, must reasonably be expected to 
resut in: (i) detecting the presence of RNA encoded by afp and alb in a sample from each of 
one or more subjects having HCC, and (ii) determining a difference as compared to a 
quantified amount of RNA encoded by afp and alb having been detected in samples from 
healthy control subjects in a sample as required by claims 17, 19, 54 and 55. Thus, the 
combination of Kephart and Wong et al. must result in a reasonable expectation of success of the 
detection of both afp and alb in healthy control patients and a reasonable expectation of success 
that there can be a quantifiable amount of RNA encoded by both afp and alb RNA in healthy 
control patients. 



(i) According to the self described limits of their own assay, Wong et ai does not enable 
detection of afp in healthy individuals so as to obtain a quantified amount; therefore, there 
can be no reasonable expectation of success when using RNA from whole blood in place of 
RNA from PMNCs. 

Wong et al. contends at p. 631, 1st column, to have achieved detection of afp RNA in 
PMNCs of 2 out of 18 normal subjects tested, and discloses, with reference to Fig. 4, that none of 
the samples from normal subjects exhibited afp mRNA levels exceeding those corresponding to 
10 pg of HepG2 total RNA; however, they also teach at p. 631, 1st paragraph, that " levels of afp 
mRNA corresponding to 10 pg of HepG2 total RNA are below the limit of detection" of their 
own assay. 

Furthermore, the Applicant's claims require not just that the RNA be detected in the 
control samples, but that comparison be made with a quantified level of control RNA encoded 
by said gene. Wong et al. provides at Fig. 2, RT-PCR calibration curve data showing levels of 
q#?-specific amplimer corresponding to HepG2 total RNA within a range starting from a 
minimum of 165 pg of HepG2 total RNA. This is in direct contrast to the disclosure at Fig. 1, 
right panel, of similar calibration data for alb RNA disclosing the entire lower end of the range 
of detection, as well as background levels in the absence of HepG2 cells in normal subjects. 
Wong et ai fails to disclose the results of afp RNA detection corresponding to levels below 165 
pg HepG2 total RNA, as well as background levels in the absence of HepG2 cells observed in 
normal subjects. Thus, the kinetics of, and hence the significance and utility for quantitation of 
afp RNA levels below those corresponding to 165 pg HepG2 total RNA taught by Wong et ai 
cannot be ascertained. 

In fact, the detection Wong et al. claims to achieve for the two normal subjects appears to 
represent non specific amplification. For example, even in the case of alb, for which background 
levels in the absence of HepG2 cells are disclosed, Wong et ai fails to provide any data enabling 
differentiation of target gene-specific amplification from background levels in the absence of 
HepG2 cells. 

Given the fact that Wong et al. themselves teach that the level of afp RNA is well below 
their own ability to detect and quantify using PMNCs, there can be no reasonable expectation of 
success when using methods which do not utilize fractions of white blood cells as taught by 
Kephart. As such, the combination of Wong et al. with Kephart does not render the claimed 



invention obvious. 

(ii)The prior art demonstrates that the use of Kephart methods DID NOT RESULT in 
detection of afp RNA in healthy individuals even using RT-PCR techniques far more sensitive 
than that employed by Wong et al - therefore there is no reasonable expectation of success 
with respect to the combination. 

The Examiner asserts that Wong et al. teaches all of the limitations of the Applicant's 
claims, with the exception that "Wong et al detect[s] RNA in peripheral mononuclear cells". 
The Examiner further suggests that "it would have been prima facie obvious to one of ordinary 
skill in the art at the time that the invention was made to have modified the methods taught by 
Wong et al. "so as to have avoided the step of isolating lymphocytes using a method as taught 
by Kephart". The Examiner states that "Kephart et al. clearly considered that the results would 
be similar enough when using methods which avoided the step of isolating lymphocytes" (p.28 
Office Action) and thus "one would have been motivated to modify the methods taught by Wong 
et al. as taught by Kephart in order to avoid the need to isolate the blood cells, and to utilize the 
systems taught by Kephart" (p. 17 of the Office Action). Clearly all of the methods taught by 
Kephart are slightly different from each other, however they all isolate RNA from whole blood 
without requiring the time consuming step of isolating a fraction of leukocytes. Thus according 
to the Examiner, Kephart teaches methods which detect and measure RNA in whole blood that 
produce results which are equivalent to methods which measure the level of RNA in only 
PIVTNCs and to the extent that the Kephart methods are different than those described in Wong et 
al., they would merely add to the background of detection. 

The Applicant respectfully submits that claims drawn to two or more genes require 
detection of RNA encoded by each of the two or more genes in the control samples; therefore, 
there must be a reasonable expectation of success that Wong et al. when combined with Kephart 
will result in detection of afp RNA in the healthy control samples. The prior art, however, is 
replete with examples which demonstrate that methods which avoid the step of isolating 
lymphocytes and attempt to detect afp expression in whole blood are unable to detect afp RNA 
in healthy individuals . As such, there would be no reasonable expectation of success by a 
person skilled in the art that the methods taught by Kephart to avoid isolating lymphocytes when 
combined with Wong et al. would result in detection of afp RNA in healthy individuals so as to 



make the methods as encompassed by the Applicant's claims obvious. 

All of the following references utilize methods to isolate RNA which result in isolation of 
RNA from whole blood and avoid the use of a fractionated sample of leukocytes (ie namely 
PMNCs) as taught by Wong et al. In addition, each of the following references utilize a method 
of detecting afp RNA which is, in one case essentially at least as sensitive, and in all other cases, 
significantly more sensitive than the method utilized by Wong et al. Despite this, none of the 
references noted below are able to detect afp RNA in healthy individuals as required by the 
claims of the Applicant. 

Matsumura et al. 1995 teaches isolation of all nucleated cells of peripheral blood by 
first lysing the red blood cells, (p. 814, under "MATERIALS AND METHODS") and is similar 
to the most sensitive (freeze-thaw based) method taught by Kephart which lyses red blood cells 
using a rapid freeze thaw and in which "mRNA containing leukocytes are collected by 
centrifugation" (p. 12). Matsumura et al., 1995 explicitly teaches that afp encoded RNA is not 
detectable in samples containing all nucleated cells of blood, in accordance with the recitation: 
'"afp RNA was not demonstrated in nuclear cell component of peripheral blood of healthy 
volunteers both by RT-PCR and even by nested PCR (Fig. 1)" (p. 815, first paragraph of 
"RESULTS" section and Fig. 1). As stated at p. 816 of Matsumura et al., 1995, the sensitivity of 
the assay employed therein corresponds to detection of 1-10 HepG2 ^-expressing control cells 
per 5 ml of blood (i.e. conservatively 10 cells per 5 ml of blood). Since there are 4,500 to 10,500 
leukocytes per microliter of blood and conservatively 59% of those leukocytes are PMNCs, 
(refer to "Complete Blood Count" Table. Blood Disorders/Diagnosis, of Blood Disorders, In: 
The Merck Manual of Diagnosis and Therapy. Beers MH, et al. (eds), of record), i.e. 
conservatively 2.65 million PMNCs per ml of blood 9 , this conservatively corresponds to a 
sensitivity of one HepG2 cell per 1 .88 million PMNCs 10 . 

In contrast, the maximum sensitivity for detection of afp encoded RNA taught by Wong 
et al. is stated to be lHepG2 cell per 1 million PMNCs 11 . In fact, this sensitivity is actually the 

8 See p. 12 last paragraph and figure 3 which notes a sensitivity with as little as 0.156ul 

9 Using most conservative estimate of Merck Manual, 59% of leukocytes are PMNCs' therefore 45000000 million leukocytes is 
the equivalent of 45000000* 59 =2,655,000 PMNCs 

10 . [(10 HepG2 cells detected) / (5 ml blood)] * [(I ml blood) / (2.65 million PMNCs)] = 
I HcpG2 cell detected per 1.88 million PMNCs 

11 Assuming most conservative estimate as per Merck Manual 2006 of PMNCs (monocytes and lymphocytes) comprising 59% of 



sensitivity of the assay for the detection of alb and is overstated for the ability to detect afp RNA 
which is demonstrated by Wong et al. to be 100 fold less sensitive than detection of alb (see 
Figure 1 and Figure 2 of Wong et al.). Nevertheless, the Matsumura et al. 1995 assay is still at 
a minimum of 1.88 fold more sensitive than the stated sensitivity of the assay taught by Wong 
et al. and yet fails to achieve detection of afp encoded RNA in healthy individuals despite having 
used methods which avoid the step of isolating a fraction of the white blood cells. 

Matsumura et al., 1994 uses the assay developed in Matsumura et al., 1995 and using 
the same primers as taught in Matsumura et al., 1995 teaches analysis of afp and alb encoded 
RNA in the same type of samples (ie. nucleated blood cells as compared to fractionation used by 
Wong et al. to obtain PMNCs) (p. 1419, under "PATIENTS AND METHODS")). Matsumura 
et al., 1994 demonstrates that afp encoded RNA is not detectable in all 26 healthy subjects tested 
in accordance with the recitation: "alpha-fetoprotein mRNA was not demonstrated in 26 cases of 
normal healthy volunteers" (Abstract; and 2nd paragraph of "RESULTS" section and Table 2). 
Given the use of the same assay as Matsumura et al., 1995, it is fair to assume that the sensitivity 
of the Matsumura et al., 1994 and Matsumura et al., 1995 assays are equivalent and therefore 
Matsumura et al., 1 994 is also more sensitive than Wong et al. 

The greater sensitivity of the Mastumura et al. 1994 assay as compared with Wong et al. 
is further confirmed by the fact that Matsumura et al., 1994 has a two-fold higher frequency of 
detecting afp encoded RNA in blood of subjects who have HCC as compared with Wong et al. 
Thus, Matsumura et al., 1994 detects 17 of the 33 patients with HCC (52%; see Abstract and 2nd 
paragraph of "RESULTS" section), in comparison with the frequency achieved by the method of 
Wong et al. of detection in only 13 out of 64 HCC patients (20%; p. 631, column 2). As noted by 
Wong et al, this indicates that the method of Matsumura et al., 1994 has a significantly higher 
detection sensitivity than that taught by Wong et al. (ie. "the frequency of alb mRNA detection 
depends on the sensitivity of the assay used..." (Wong et al., p. 631, first paragraph of 
"Discussion" section)). 

In addition, Matsumura et ah, 1994 teaches that alb RNA is detected in unfractionated 
blood cells of the same non-disease control subjects even though afp RNA is not detectable (p. 
1420, 1st paragraph of "RESULTS" section and Fig. 1). Such parallel detection of alb RNA in 

leukocytes - detection in 1,000,000 PBMCs would be the equivalent of detection in 1,000,000 + (1,000,000*41) = 1,410,000 
leukocytes assuming remaining cells had no inhibitory effects. 



whole leukocytes of non-disease subjects further serves as an internal positive control further 
supporting the reliability of the teaching of Matsumura et al., 1994 that afp encoded RNA is not 
detectable in samples which avoid isolating a fraction of the white blood cells. 

Thus, Matsumura et al, 1994, using techniques significantly more sensitive than the 
method utilized by Wong et al. fails to achieve detection of afp RNA in RNA isolated from 
blood samples of healthy individuals using techniques comparable to Kephart. 

Funaki et al. 1995 teaches use of a technique similar to the use of RN Agents® as 
described in the first method utilized by Kephart et al. Both Funaki and RNAgents©, use a 
mixture of guanidinium isothiocyanate, sodium citrate, sarcosyl (which is equivalent to n-lauryl 
sarcosine) and Beta-mercaptoethanol (see RNAgents technical bulletin, enclosed, and Funaki p. 
1622, last paragraph)) to isolate RNA from a whole blood sample. Funaki et al. explicitly 
teaches that afp encoded RNA is not detectable in RNA isolated using these methods (p. 1627, 
last sentence), therefore Funaki et al. also demonstrates that methods which avoid fractionation 
of white blood cells do not result in the detection of afp encoded RNA . 

Funaki et al. utilizes a method for detection far more sensitive than the methods utilized 
by Wong et al., therefore the reason for failure to detect afp RNA in healthy individuals in 
Funaki et ah, cannot be because their assay is somehow not as affective as the assay utilized by 
Wong et al. In fact, Funaki et al. utilizes a highly sensitive 3-step (double-nested) PCR method 
(Abstract). As stated at p. 1625, last paragraph of Funaki et al., the sensitivity of the assay 
employed therein corresponds to detection of one HuH7 afp expressing control cell per milliliter 
of blood. This can be shown to conservatively correspond to a maximum detection sensitivity of 
one HepG2 cell per 3.36 million PMNCs, as follows: 

(i) there are 4,500 to 10,500 leukocytes per microliter of blood (refer to 
"Complete Blood Count" Table. Blood Disorders/Diagnosis, of Blood Disorders, In: The Merck 
Manual of Diagnosis and Therapy. Beers MH, et al. (eds), of record), ie. conservatively 4.5 
million leukocytes per ml of blood; 

(ii) there are conservatively 2655 (59%) polymorphonuclear lymphocytes 
(PMNCs) per microliter of blood (refer to "Complete Blood Count" Table. Blood 
Disorders/Diagnosis, of Blood Disorders, In: The Merck Manual of Diagnosis and Therapy. 
Beers MH, et al. (eds), of record), ie. 2.655 million PMNCs per ml of blood; and 

(ii) the prior art teaches in a side by side comparison that the number of afp RNA 



transcripts per HepG2 cell is 7.6x104 and that the number of afp RNA transcripts per HuH7 cell 
is 6.0x104 (refer to p. 1387, Table 2 of Niwa Y. et al., 1996. Hepatology 23:1384). As such, 
detection of Afp RNA in HuH7 cells represents a more stringent assay than detection of HepG2 
cells. 

The minimum sensitivity achieved by Funaki et al. can, therefore, be conservatively 
calculated as 1 HepG2 cell per 3.36 million PMNCs which is more sensitive that the method 
used by Wong et al. (ie. 1 HepG2 cell per 1 million PMNCs) 12 . 

Thus, Funaki et al. fails to achieve detection of afp RNA in unfractionated blood cells of 
non-disease (non-HCC) subjects, despite using a method which is conservatively at least 3 fold 
more sensitive than the method employed by Wong et al., and which enables a 3.5-fold higher 
frequency of detection of afp RNA in blood of patients having HCC than is achieved by Wong et 
al. 

Therefore, yet another method which avoids isolating PMNCs and is as sensitive as the 
method utilized by Wong et al., fails to enable detection of afp RNA in a healthy individual. 

Lcmoine et al. 1997 teaches isolation of whole nucleated blood cells using the methods of 
Macfarlane & Dahle (Nature 362:186) which isolates RNA directly from whole blood using a 
guanidinium isothyocianate or hot formamide mixture. Lemoine analyzes the ability to detect 
afp RNA in samples from 28 normal subjects (p. 44, col. 2, end of 1st parag.) via nested RT- 
PCR. Lemoine teaches that afp RNA is undetectable in whole leukocytes of all 28 normal 
control subjects tested (p. 48, col. 2, 1st paragraph). The frequency of detection of afp RNA in 
blood of patients having HCC achieved by the method of Lemoine et al. is 17% (Abstract), is 
also similar to the 20% frequency (13/64; p. 631 , column 2) achieved by the method of Wong et 
al. suggesting the methods of Lemoine et al. and Wong et al. are of comparable sensitivity (see 
Wong et al. p. 631, first paragraph of "Discussion" section). 

In addition, Lemoine et al. teaches that alb RNA is detected in the whole nucleated blood 
cells of the same normal control subjects in which afp RNA is not detectable (p. 48, col. 2, 1st 
paragraph). Such parallel detection of alb RNA in samples of whole blood from normal control 
subjects serves as a positive control further supporting the reliability of Lemoine et al.'s teaching 

12 [(I HuH7 cell detected) / (1 ml blood)] x [(1 ml blood) / (2.655 million PMNCs)] x [(7.6><104 a mRNA transcripts) / (I 
HepG2 cell)] / [(6.0x 104 Afp mRNA transcripts) / (I HuH7 cell)] = I HepG2 cell detected per 3.36 million PMNCs 



that afp RNA is not detectable when utilizing RNA from whole blood samples as compared with 
isolating a fraction of white blood cells as taught by Wong et al. 

Liu ct a!. 1998 teaches that afp RNA was not detectable via RT-PCR (Abstract) in the 
"nuclear cell component" of 10 healthy control subjects which were tested, in accordance with 
the recitation: "there were no clinical control patients whose samples showed detectable Afp 
mRNA" (Abstract). 

The assay employed by Liu et ah is clearly more sensitive for detection of afp RNA than 
that taught by Wong et al. since Liu achieves detection of afp RNA in unfractionated blood cells 
of 53.8% of 50 HCC patients tested, whereas Wong et al. only achieves a 2.5-fold lower 
frequency of detection in 13/64 (20%) of HCC patients tested (p. 631, column 2). This 
conclusion is in accordance with the teaching of Wong et al., exemplified with respect to alb, 
wherein "the frequency of alb mRNA detection depends on the sensitivity of the assay used..." 
(Wong et al., p. 63 1 , first paragraph of "Discussion" section). 

Thus, Liu et al. fails to achieve detection of afp RNA in healthy individuals where the 
RNA has been isolated from whole blood so as to include all nucleated cells as compared with 
methods which isolate RNA from fractions of white blood cells as taught by Wong et al., despite 
using a significantly more sensitive method and enables a greater than 2.5-fold higher detection 
frequency of afp RNA in blood of HCC patients, than the method taught by Wong et al. 

Thus, the prior art, exemplified in the extensive list of prior art references discussed 
above, directly, clearly and consistently teaches that afp encoded RNA is not detectable in RNA 
from whole blood samples of healthy subjects as is required by the combination of Kephart and 
Wong et al. so as to fall within the scope of the Applicant's claims. It is well understood that 
evidence in the prior art demonstrating failure of the combination is evidence to demonstrate that 
there would be no reasonable expectation of success (In re Rinehart, 531 F.2d 1048, 189 USPQ 
143 (CCPA 1976)). 

C The combination of prior art teachings does not enable the claimed invention 

(i) afp RNA levels in healthy individuals as taught by Wong et al are not detectable in 
whole blood of healthy subjects using the methods of Kephart. 



It can be clearly demonstrated that detection of afp RNA in PMNCs of healthy subjects 
as taught by Wong et al., is not enabled using the methods of Kephart Namely, it can be shown 
that the Kephart methods provide limited sensitivity of even abundant transcripts like beta-actin, 
and, therefore, the Kephart methods would not be able to detect afp RNA in healthy individuals. 

Lupberger et al. teaches that normal human leukocytes contain 491+/-97 beta- 
actin transcripts per single leukocyte, and hence teaches that such cells contain a conservative 
minimum of 394 transcripts per cell (see abstract). Assuming there are 4,500 leukocytes/ul of 
whole blood 13 , this would indicate 1,770,000 beta-actin transcripts/ul of whole blood 14 . 

Wong et al, teaches that maximal levels of afp RNA in healthy individuals corresponds 
to an unspecified value which is less than the equivalent of lOpg of HepG2 total RNA per 20ml 
of peripheral blood (p. 631); this value is herein taken to correspond to the ultra-conservative 
maximum of lOpg of HepG2 total RNA per 20ml of peripheral blood. Wong et al. further 
teaches that a single HepG2 cell contains 1.65pg of total RNA (p. 629 Figure 1); therefore, there 
are the equivalent of 6.06 HepG2 cells in 20ml of peripheral blood in healthy individuals 15 . 
Matsumura et al., 1995 (cited by Wong et al.) teaches that one HepG2 cell contains 20,000 afp 
RNA transcripts. Therefore, Wong et al. teaches that detection of afp RNA in healthy 
individuals is the equivalent of 6.06 transcripts /pi of whole blood 16 . 

Kephart's most sensitive method (freeze-thaw), requires at least 0.156 microliters of 
blood to achieve detection of beta-actin transcripts (p. 12), therefore Kephart's most sensitive 
method is only able to detect, at minimum, 276,120 transcripts. 17 Since there are only 6.06 afp 
transcripts/ul of whole blood, one would need to use approximately 46 milliliters of whole blood 
to detect afp transcripts according to the methods of Kephart 18 . 

With respect to the other two methods taught by Kephart, each require at least 0.625 
microliters of blood (i.e. a 4-fold greater volume) to achieve detection of target transcripts; the 

13 4,500 to 10,500 leukocytes per microliter of blood, and hence a conservative minimum of 4.5 million leukocytes 
per milliliter of blood (refer to "Complete Blood Count" Table. Blood Disorders/Diagnosis, of Blood Disorders, In: 
The Merck Manual of Diagnosis and Therapy. Beers MH, et al. (eds), of record). 

14 [(394 beta-actin transcripts) / (I leukocyte)] * [(4,500,000 leukocytes) / (1 ml healthy subject blood)] * [(1 ml) / (1000 
microliters) ] = 1,770,000 trancripts per microliter of blood from healthy subjects 

15 lOpg HcpG2 total RNA/20ml blood /1. 65pg total RNA/IHcpG2 cell = 6.06HepG2cells/20ml blood 

16 |(6.06 HepG2 cclls)/20ml blood)] * [(20,000 Alp transcripts) / (I HepG2 cell)] * [(I ml) / (1000 microliters)] = 6.06 Afp 
transcripts per microliter of blood from healthy subjects. 

17 0. 156ul whole blood x 1 ,770,000 transcripts beta-actin/ul whole blood = 276,120 transcripts 

18 (292,079) * (0.156 microliters minimum detection volume) * (I ml / 1,000 microliters) = 46 ml blood. 



volume of blood from healthy subjects which would be required to achieve detection of afp 
transcripts according to the teachings of Wong et al. would be 182 milliliters of whole blood 19 . 

The above volumes are based on the teachings of Wong et al. and hence relate to amount 
of afp transcripts detectable in PMNCs. However, with respect to detection of afp transcripts in 
whole blood of healthy subjects as required by the Applicant's claims, the prior art has clearly 
failed to achieve such detection using methods having significantly greater sensitivities as 
compared to the method taught by Wong et al. as described above. Thus, it reasonably follows 
that correspondingly larger blood volumes than 46 ml and 184 ml, would be required to achieve 
detection using the freeze-thaw and non-freeze thaw methods of Kephart, respectively. 

Clearly, since even 46 ml of blood is far beyond the range which can be analyzed using 
any of the methods taught by Kephart, which are explicitly directed to analysis of small 
volumes 20 , and which are, moreover, demonstrably useful for analysis of blood volumes no 
greater than 10 microliters 21 , modifying the teachings of Wong et al. by application of the 
teachings of Kephart would fail to enable detection of afp transcripts in whole blood of healthy 
subjects as would be required for the claims to be rendered obvious by Wong et al. in view of 
Kephart [Kumar, 418 F.3d at 1368 ("[I]n order to render an invention unpatentable for 
obviousness, the prior art must enable a person of ordinary skill to make and use the invention.") 
(citing Beckman Instruments, Inc. v. LKB Produkter AB, 892 F.2d 1547, 1551 (Fed. Cir. 1989)). 

(it) Afp RNA expressed in healthy individuals is a rare mRNA and Kephart teaches 
away from use of rare mRNAs. 

Kephart detects beta-actin RNA in whole blood, but teaches away from the detection of 
rare mRNAs noting "the presence of increasing amounts of cell derived inhibitory agents at 
higher cell concentrations and the potential for increased background due to genomic 
contamination may interfere with the detection of rare mRNAs". 

As described above, it can be shown that Wong et al. demonstrates there are 6.06 afp 
RNA transcripts per microliter of blood from healthy subjects. As is also demonstrated above, 
there are 1,770,000 beta-actin trancripts per microliter of blood from healthy subjects. 
Therefore, there are 292,079 more copies of beta-actin RNA than afp RNA as expressed in 
healthy subjects. 

19 (292,079) x (0.625 microliters minimum detection volume) * (1 ml / 1,000 microliters) = 182 ml blood. 
20 Sce p. 1 I "RNA isolation protocols that use small amounts (less than 100u!)"; 
21 See Figure 2 lane I and Figure 3 lane 2. 



Thus afp encoded RNA is a rare mRNA in comparison with beta-actin, and therefore it is 
improper to combine Kephart and Wong since Kephart teaches away from using rare mRNAs 
with his methods. ("It is improper to combine references where the references teach away from 
their combination"(In re Grasselli, 713 F.2d 731, 743, 218 USPQ 769, 779 (Fed. Cir. 1983)). 
Double patenting rejections 



under double patenting rejections, Applicant will consider filing a terminal disclaimer should it 
be necessary upon the indication of allowable claims. 



Applicant submits that all claims are allowable as written and respectfully request early 
favorable action by the Examiner. If the Examiner believes that a telephone conversation with 
Applicant's attorney/agent would expedite prosecution of this application, the Examiner is 
cordially invited to call the undersigned attorney/agent of record. 



While respectfully disagreeing with the contention that the claims can be rejected 



Conclusion 



Respectfully submitted, 
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Presse Med. 1983 Jan 22; 12(3): 147-51. "Asymptomatic thyroid dysfunction. Routine detection 
using the free thyroxine" Schlienger JL, Heist D, Demangeat C, Sapin R, Stephan F. 

Free plasma thyroxine index (FT4I) and plasma concentrations of triiodothyronine 
(T3) were routinely determined on admission in 1862 hospital patients without 
signs or history of thyroid dysfunction. Total thyroxine (T4) and FT4I values 
were beyond confidence limits in 16.3% and 7.5% respectively of the patients, 
whereas T3 values were low in 23%. Among the 84 patients with high FT4I, 31 had 
clinically unsuspected hyperthyroidism confirmed by the TRH test (T3 increased 
in 66% of the cases). Among the 46 patients with low FT41, 14 had demonstrable 
hypothyroidism (low T3 in 65% of the cases). In this population, the prevalence 
of proven thyroid dysfunction without clinical symptoms was 1.66% for 
hyperthyroidism and 0.75% for hypothyroidism. The diagnostic value of normal 
FT41 was estimated at 50%. The persistence of an abnormal FT4I on a second 
determination indicated the presence of hyperthyroidism in 72% of patients with 
high FT4I values and of hypothyroidism in 74% of patients with low FT41 values. 
In doubtful cases, TSH assays or TRH tests led to the concept of "transient" 
dysthyroidism, and the potential total prevalence of routinely discovered 
dysthyroidism could be estimated at 3.54% including 2.47% for hyperthyroidism. 
The latter occurred in 95% of people older than 50, with a sex ratio of 0.94. 
The cost of diagnosis for each new case clinically unsuspected hyperthyroidism 
is 1200 Z, but this could be reduced to 450 Z if only patients over 50 years of 
age were investigated and if FT4I determinations were replaced by free T4 
determinations. 

PM1D: 6220353 [PubMed - indexed for MEDLINE] 



Liu Y et al., 1998. [The detection of circulating hepatocellular carcinoma cells in peripheral 
venous blood by reverse transcription-polymerase chain reaction and its clinical significance]. 
Zhonghua Wai Ke Za Zhi. 36:608-10. [Article in Chinese] 

OBJECTIVE: To detect circulating hepatocellular carcinoma by demonstrating hepatocellular 
carcinoma cells-associated mRNA in the nuclear cell component of peripheral blood (PBL). 
METHOD: Peripheral blood (5 ml) samples were obtained from 93 patients with hepatocellular 
carcinoma (HCC) and from 37 controls (15 controls with liver cirrhosis after hepatitis B, 12 
chronic hepatitis B, and 10 normal liver function). To identify HCC cells in peripheral blood, 
liver-specific human alpha-fetoprotein (AFP) mRNA was amplified from total RNA extracted 
from whole blood by reverse transcription-polymerase chain reaction. RESULT: AFP mRNA 
was detected in 50 blood samples from the patients with HCC (53.8%). In contrast, there were no 
clinical control patients whose samples showed detectable AFP mRNA in PBL. The presence of 
AFP mRNA in blood seemed to be correlated with the stage (by TNM classification) of HCC, 
the serum AFP value, and the presence of intrahepatic metastasis, portal vein thrombosis, tumor 
diameter and/or distant metastasis. AFP mRNA was detected in the blood of 21 patients showing 
metastasis at extrahepatic organs (100%) in contrast to 29 of 72 patients without metastasis 
(40.3%o). CONCLUSION: The presence of AFP mRNA in peripheral blood may be an indicator 
of malignant hepatocytes, which might predict hematogenous spreading metastasis of tumor cells 
in patients with HCC. 



PMID: 1 1 825477 [PubMed - indexed for MEDLINE] 



Arch Surg. 1 986 Nov; 1 2 1 ( 1 1 ): 1 347-52. 



Colorectal cancer. A blueprint for disease control through screening by primary 
care physicians. 

Wanebo HJ, Fang WL, Mills AS, Zfass AM. 

The Virginia Colorectal Cancer Control Project is a statewide effort to reduce 
morbidity and mortality from colorectal cancer by stimulating the adoption of 
screening and early detection practices by primary care physicians. The project 
emphasizes use of the three-day fecal occult blood test, digital rectal 
examination, and endoscopy. Recruitment strategies included personal contact, 
newsletters, journal articles, and screening workshops. Of the 33 318 patients 
screened over 26 months, positive fecal occult blood test reactions were recorded 
in 3.3% of asymptomatic patients and in 14.8% of symptomatic patients. Polyps 
were found in 149 and cancer was diagnosed in 94 patients of whom one third were 
asymptomatic. Eighty percent of the latter had Dukes' A and B lesions, 12% had 
Dukes' C lesions, and 8% had Dukes' D lesions. In contrast, only 36% of the 
symptomatic cancers were Dukes' A and B lesions, and 69% were Dukes' C and D 
lesions. These results suggest that primary care physicians can be effective in 
the screening and detection of precancerous polyps and early-staged colorectal 
cancers. 
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sympathectomy 
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symptb] 



sympathectomy,, sympathicotomy, [sympath- + G. ektome, ex- 
cision] 

chemical s. t destruction of the periareterial sympathetic nerves, as 
in Doppler operation, by a corrosive such as phenol, 
periarterial s., sympathetic denervation by arterial decortication. 
syn histonectomy, Leriche operation, 
presacral s., syn presacral neurectomy. 
sym pa the tec to my (sim-pa-the-tek'to-me). syn sympathecto- 
my. 

sym pa thet ic (sim-pa-thet'ik). 1. Relating to or exhibiting sym- 
pathy. 2. Denoting the sympathetic part of the autonomic nervous 
system, syn sympathic. [G. sympathetikos, fir. sympathed, to feel 
with, sympathize, fir. syn, with, + pathos, suffering] 

sym pa thet o blast (sim-pfi-thet'd-blast). syn sympathoblast. 

sym pa thic (sim-pauYik). syn sympathetic. 

sym path i cec to-my (sim-path'i-sek'to-me). syn sympathecto- 
my. 

Asympathico-. see sympath-. 

sym path i co-blast (sim-pauYi-k6-blast). syn sympathoblast 

sytn path i co-neu ri tis (sim-path'i-ko-noo-rTtis). Inflamma- 
tion of the autonomic nerves. 

sym • path *i- cop a- thy (sim-path-i-kop'a-the). A disease resulting 
from a disorder of the autonomic nervous system, [sympathico- + 
G. pathos, suffering] 

sym path i co to nia (sim-path'i-kO-to'ne-a). A condition in 
which there is increased tonus of the sympathetic system and a 
marked tendency to vascular spasm and high blood pressure; 
opposed to vagotonia, [sympathico- + G. tonos, tone, tension] 

sym path i co ton ic (sim-path'i-kd-ton'ik). Relating to or char- 
acterizedby sympathicotonia. 

Sym path i co trip sy (sim-path'i-k6-trip'se). Operation of 
crushing the sympathetic ganglion, [sympathico* + G. tripsis, a 
rubbing] 

sym pa thin (sim'pa-thin). The substance diffusing into circula- 
tion from sympathetic nerve terminals when they are active. The 
term was introduced by W.B: Cannon, who thought that this 
substance differed from the mediator produced by the nerve end- 
ing (now known to be incorrect); the mediator itself (norepineph- 
rine) diffuses into circulation, syn sympathetic hormone. 

sympathism (sim'pa-tbizm). syn suggestibility. [G. 
sympatheia, sympathy] 

sym pa thiz er (sim'pa-thl-zer). L An eye affected with sympa- 
thetic ophthalmia. 2. One who exhibits sympathy. 
&sympatho-. see sympath-. 

sym pa tho ad re nal (sim'p&-th6-a-dre'nal). Relating to the 
.sympathetic part of the autonomic nervous system and the medul- 
la of the adrenal gland, as the postganglionic neurons. 

sym pa tho blast (sim'pa-tho-blast). A primitive cell derived 
from the neural crest glia; with the pheochromoblasts, s/s enter 
into the formation of the adrenal medulla and sympathetic gan- 
glia, syn sympathetoblast, sympathicoblasL [sympatho- + G. 
blastos, germ] 

sym pa tho go nia (sim'p2-thd-g6'n6-a). The completely undif- 
ferentiated cells of the sympathetic nervous system, [sympatho- + 
G. gone, seed] 

sym pa tho lytic (sim'pa-tho-lit'ik). Denoting antagonism to or 
inhibition of adrenergic nerve activity, see also adrenergic block- 
ing agent, antiadrenergic. [sympatho- + G.. lysis, a loosening] 

sym pa tho mi met ic (sim'pa-md-mi-met'ik)- Denoting mim- 
icking of action of the sympathetic system, see also adrenomi- 
metic. [sympatho- + G. mimikos, imitating] 

sym- pa- thy (sim'pa-the). 1. The mutual relation, physiologic or 

. pathologic, between two organs, systems, or parts' of the body. 2, 
Mental contagion, as seen in mass hysteria or in the yawning 
induced by seeing another person yawn. 3. An expressed sensitive 
appreciation or emotional concern for and sharing of the mental 
and emotional state of another person. Cf. empathy (1). [G. 
sympatheia, ft. sym- + pathos, suffering] 

symtperi-to-ne-al (sim'per-i-t5-ne'al). Relating to the surgical 
induction of adhesion between two portions of the peritoneum. 




sym pha Ian gism, sym pha lan gy (sim-fal'an-jizm, sinvfjft 
an-je). 1. syn syndactyly. 2. Ankylosis of the finger or toe joUWt 
[sym- + phalanx] 

sym-phys i al, sym phys e al (sim-tVe-al). Grown together! 
relating to a symphysis; fused, syn symphysic. * 

sym-phys-ic (sim-fiz'ik). syn symphysial. 

sym phys-i on (sim-fiVe-on). A craniometric point, the tfdsllii 
anterior point of the alveolar process of the mandible. 

sym phys i o tome, symphys e otorae (sim-fiz'S-o-tom). ^ l v 
strument for use in symphysiotomy. 

sym phys i ot o my, symphyseotomy (sim-tlz-e-ot'o-iii^ 
Division of the pubic joint to increase the capacity of a contracted? 
pelvis sufficiently to permit passage of a living child, syn syn 
chondrotomy. [symphysis + G. tomi, incision] . : 

symphysis, gen. sym phy ses (sim'fi-sis, -sez) [TAJ. t [NAji^S 
Form of cartilaginous joint in which union between two bc*nWis* J i£- 
effected by means of fibrocartiJage. syn amphiarthrosis. X?0% 
union, meeting point, or commissure of any two structures. 3^lL 
pathologic adhesion or growing together, syn secondary cartilagii^ 
nous joint [TA]. [G. a growing together] r'^S 
intervertebral s. [TA], the union between adjacent vertebral bo®^S 
ies composed of the nucleus puJposus, annular ligament, arid &e : ?Si| 
anterior and posterior longitudinal ligaments, syn s. intervertebral^ 
lis [TA]. * . -.OM 

s. intervertebralis [TA], syn intervertebral s. N<£ll 
s. mandib'ulae [TA], syn mandibular s. ' ^M. 

mandibular s. [TA], die fibrocartilaginous union of the ttiofl 
halves of the mandible in the fetus; it becomes an osseous unibijS 
during the first year, syn s. mandibulae [TA], mental s., s. mental fj 
lis, s. menti. 

nianubriosternal s. [TA], the later union, by fibrocartilage, of thel. 
manubrium and the body of the sternum; it begins as a synch6n^§j 
drosis and becomes a symphysis, occasionally fusing to beebme^f 
synostosis, syn s. manubriosternalis [TA], sternomanubrial junc^S 
tion. 

s. manubriosternalis [TA], syn manubriosternal s. 
mental s., syn mandibular s, 
s. mentn'lis, syn mandibular s. 

s. roen'ti, syn mandibular s. . i^B 

pericardial s. t adhesion between the parietal and visceral layerc|| 
of the pericardium. 

pubic s. [TA], the firm fibrocartilaginous joint between the t#$ 
pubic bones, syn s. pubica [TA], s. pubis, 
s. pulrica {TA], syn pubic s. 
s. puT>ls, syn pubic s. 

s. sacrococcyg'ea, syn sacrococcygeal joint. . \ 

s. xiphosternalis [TA], syn xiphisternal joint. 
sym plas matic (sim-plaz-mat'ik). Relating to the union of prt>| 

toplasm as in giant cell formation. [G. sym- plasso, to molill 

together] }J0$ 
sym plast (sim'plast). A multinucleated cell that has formed 1 ^^^ 

fusion of separate cells, [sym- +■ G. plastos, formed] ':^M 
sym po dia (sim-po'de-a). Condition characterized by unionjpi 

the feet, see also sirenomelia, sympus. [sym- + G. pous, fo*p| 
sym port (sim'port). Coupled transport of two different i ^ 

cules or ions through a membrane in the same direction tifjffl 

common carrier mechanism (symporter). Cf. antiport, uni^l 

[sym- + L. portb, to cany] 
sym-port-er (sim-p6rr*er). The protein responsible for mediatm| 

symport. 

symp tom (simp'tdm). Any morbid phenomenon or 
from the normal in structure, function, or sensation, exj 
by the patient and indicative of disease, see also phenomenon '(1) 
reflex (1), sign (1), syndrome. [G. symptdma] 
* abstinence s.'s, syn withdrawal s.'s. 

accessory a s. that usually but not always accompanii|| 
certain disease, as distinguished from a pathognomonic s. V jS?§ 
assident s., concomitant s. 

accidental s., any morbid phenomenon coincidental^ occu 
in the course of a disease, but having no relation with it 
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In Vivo Detection of Coronary Artery 
Anomalies in Asymptomatic Athletes by 
Echocardiographic Screening* 

Paolo Zeppilli, MD; Antonio dello Russo, MD; Cesare Santini, MD; 
Vincenzo Palmieri, MD; Luigi Natale, MD; Alessandro Giordano, MD; and 
Andrea Frustaci, MD, FCCP 



Background: Anomalous origin of coronary arteries (AOCA) is a rare congenital disease. Although 
it may have a benign course, it has been identified as a frequent cause of sports-related sudden 
death. Unfortunately, in vivo detection of AOCA is not easy, as individuals with this anomaly often 
are asymptomatic and show no signs of myocardial ischemia. Presently, transthoracic two- 
dimensional echocardiography (TTE) is the only noninvasive, widely available tool to visualize the 
ostia and first tracts of coronary arteries. 

Objective: To assess the efficacy of TTE in the screening of AOCA in a large athletic population. 
Study design: In a prospective study, we assessed the ostia and first tracts of coronary arteries in 
3,650 subjects (mean age, 30±12 years) practicing different sports at various competitive levels. 
Subjects underwent a TTE examination in our laboratory for scientific or diagnostic purposes. 
Results: Technically satisfactory echocardiograms were obtained in 3,504 subjects (96%); a clear 
visualization of the ostia and first tracts of both coronary arteries was obtained in 3,150 cases 
(90%). Three asymptomatic athletes (0.09%) were suspected to have an AOCA; two with a right 
coronary artery origin from the left sinus, and one with a left coronary artery origin from the 
right sinus. Diagnosis was confirmed by coronary angiography. 

Conclusions: Our study indicated that AOCA is rare in asymptomatic athletes. Systematic and 
accurate exploration of coronary anatomy in athletes referred for a diagnostic TTE examination 
may be useful in identifying those with AOCA. (CHEST 1998; 114:89-93) 

Key words: anomalous origin of coronary artery; athletes; echocardiography; sudden death 

Abbreviations: AOCA = anomalous origin of coronary arteries; LCA=Ieft coronary artery; RCA = right coronary artery; 
TTE = transthoracic two-dimensional echocardiography 



A nomalous origin of coronary arteries (AOCA) is a 
^"*-rare congenital disease found on approximately 
0.6 to 1% of all coronary angiograms and in 0.3% of 
all autopsies. 1 - 3 Although an AOCA may have a 
completely benign and asymptomatic course, it has 
been identified as a cause for sports-related and 
non-sports-related sudden death in young people 
and athletes. 4 " 6 

Unfortunately, in vivo detection of AOCA is not 
always easy, because subjects with this anomaly are 
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often asymptomatic, and symptoms attributable to 
myocardial ischemia are observed only in about 30% 
of cases. 4 Presently, transthoracic two-dimensional 
echocardiography (TTE) offers a reliable, noninva- 
sive means of visualizing the ostia and first tracts of 
both coronary arteries, especially in children and 
young adults. 7 Visualization of these structures by 
TTE is easier in athletes because of their favorable 
chest conformation, the prolonged diastolic time due 
to bradycardia, and a real increase in coronary artery 
size due to training. 8 " 10 The real prevalence of AOCA 
in athletes is not known but it is probably very low; 
Pelliccia et al 9 found no cases of AOCA in a large 
group of asymptomatic elite athletes prospectively 
studied by TTE. 

Since 1986, in our Sports Medicine Laboratory, 
routine TTE examination of all subjects practicing 
sports has included a systematic search of the ostia 
and the first tracts of both coronary arteries. Using 
this approach, we were able to identify three athletes 
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with AOCA. Here, we present the clinical history 
and instrumental data of these three cases. 



Materials and Methods 

Between December 1986 and December 1996, at the Sports 
Medicine Laboratory of the Catholic University in Rome, 3,650 
subjects (including 2,261 male and 1,389 female individuals, with 
a mean age of 30 ±12 years) practicing different sports at various 
competitive levels had a cardiologic examination for scientific or 
diagnostic purposes, including echocardiography. In Italy, ath- 
letes are required to undergo preparticipation screening. TTE 
was performed initially by one investigator (P.Z.), who has been 
trained in identifying the coronary ostia and proximal tracts of 
coronary arteries since 1985); since 1988, another investigator 
(C.S.) also has performed TTE. A commercially available me- 
chanical sector scanner (Sonoline CD; Siemens Medical Systems, 
Inc; Iselin, NJ) equipped with a 3.5-MHz transducer was used. 
The coronary anatomy was first approached by the left paraster- 
nal short-axis aortic root view with mild inferosuperior or lateral 
angulation of the beam direction in order to obtain the best 
visualization of the ostia and initial tracts of the left (LCA) and 
right coronary artery (RCA). Technically satisfactory TTEs were 
obtained in 3,504 subjects (96%); the ostia and first tracts of both 
coronary arteries were clearly visualized in 3,150 cases (90%). 

Minor variants of normal coronary arterial anatomy were 
identified in 56 cases (1.6%), and were considered normal 
variants. Variants included a separate origin of the left anterior 
descending artery and the left circumflex artery from the homol- 
ogous sinus of Valsalva, or two distinct ostia in the right sinus for 
the right main coronary artery and for the conus branch. 

Three out of 3,150 athletes (0.09%) were suspected to have an 
AOCA: an anomalous origin of the RCA from the left sinus in two 
cases, and an anomalous origin of the LCA from the right sinus 
in one. All three subjects underwent ECGs at rest, maximal ECG 
stress test, and 24-h ECG Holter monitoring, as well as cardiac 
MRI and myocardial scintigraphy with ^'"Tc-Sestamibi at rest 
and during exercise. 

MRI scans were obtained on a whole-body imaging system 
(Vectra; General Electric Medical Systems; Milwaukee) operat- 
ing at 0.5 T, and the patients were studied in the supine position. 
Multiple transverse and oblique images were obtained to visual- 
ize the proximal origin and path of the major epicardial coronary 
arteries, using a 4-mm slice thickness with 1-mm gap. 

Single-photon emission computed tomographic myocardial 
scintigraphy was performed with IV administration of " in Tc- 
Sestamibi during exercise and at rest 24 h later. 

After completing the abovementioned noninvasive procedures, 
the three athletes underwent cardiac catheterization, including 
coronary angiography and left ventriculography. Previous in- 
formed consent was obtained by all subjects extremely motivated 
to obtain a definitive diagnosis and evaluation in order to 
continue with their sports activity. 



Case Reports 

Case 1 

A 17-year-old male basketball player was completely asymp- 
tomatic and had no family history of juvenile sudden death. 
During the first preparticipation medical examination for a 
competitive sport in November 1992, frequent ventricular ec- 
topic beats were detected. The presence of polymorphous ven- 



tricular ectopic beats and couplets, mostly with a left branch 
block morphology, was confirmed with 24-h Holter monitoring. 
Stress ECG did not demonstrate any ST-T wave changes, and a 
TTE performed elsewhere was reported to be normal. In No- 
vember 1994, the patient was referred to our laboratory because 
of the persistence of arrhythmias. His resting ECG was normal 
except for rare ventricular escape beats (Fig 1, top). TTE 
examination failed to identify the ostium of the RCA in the right 
sinus of Valsalva, but did reveal a normal origin from the left sinus 
and normal course of the LCA. An accurate exploration of the left 
sinus revealed an anomalous vessel, just in front of the LCA 




Figure 1. 17-year-old asymptomatic basketball player (case 1). 
Top, resting ECG was normal except for rare ventricular escape 
beats, single and coupled. Center, TTE (left parasternal short-axis 
aortic view). Panel B clearly shows the right coronary artery 
(RCA) originating abnormally from the left sinus of Valsalva, 
close to the left coronary artery ostium and the left main (LM), 
and running around between the aorta and pulmonary artery; for 
comparison, panel A shows the normal position of coronary ostia 
in a 16-year-old water polo player. Bottom, coronary angiography 
in the left oblique anterior view. Selective injection of contrast 
medium in the left sinus of Valsalva confirms that the right 
coronary artery originates from the left sinus just anterior to the 
left coronary ostium. 
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ostium, that originated obliquely, with a slit-like ostium, and ran 
between the aorta and pulmonary artery (Fig 1, center). The 
suspicion of an anomalous origin of the RCA from the left sinus 
of Valsalva was reinforced by MRI and definitively confirmed by 
coronary angiography (Fig 1, bottom). Exercise myocardial scin- 
tigraphy performed 1 week later failed to detect myocardial 
ischemia at maximal effort. The patient was advised to stop 
competitive sport activity and to undergo periodic examinations. 
One year later, Holter monitoring showed a clear reduction of the 
frequency and complexity of ventricular ectopic beats without a 
significant increase in average heart rate. 

Case 2 

An 18-year-old male collegiate middle-distance runner was 
completely asymptomatic and had no family history of juvenile 
sudden death. In January 1992, during a preparticipation medical 
examination for competitive sports, a resting ECG showed 
incomplete right bundle branch block associated with left-axis 
deviation. A TTE performed elsewhere was reportedly normal. 
Two years later, the runner was referred to us because of an 
episode of marked fatigue on effort during a soccer match and 
occasional episodes of dyspnea at rest. A maximal ECG stress test 
showed relative hypotension after exercise and accentuation of 
the left-axis deviation on ECG, but no arrhythmias or significant 
ST-T wave abnormalities. TTE examination revealed apparently 
normally contracting left and right ventricles. TTE and MRI 
exploration of the aortic root showed an anatomic picture quite 
similar to that observed in case 1, suggesting an anomalous origin 
of the RCA from the left sinus of Valsalva, which was confirmed 
by coronary angiography. Exercise myocardial scintigraphy re- 
vealed a mild reversible myocardial perfusion defect in the left 



ventricular apex. Coronary angiography failed to show a large 
posterior descending artery supplying the left ventricular apex, 
which was supplied mostly by the anterior descending artery. 
Therefore, the deficit in the apex should probably be considered 
a false-positive perfusion image. The athlete was advised to stop 
competitive sports activity and to undergo yearly examinations. 

Case 3 * 

A 47-year-old male long-distance runner participating in a 
master championship was completely asymptomatic and had no 
family history of juvenile sudden death. During his running 
career, he had completed several marathons. He had previously 
undergone some TTE examinations for a "cardiac murmur'*; the 
TTEs were always described as normal. In January 1994, during 
the yearly medical examination for competitive athletes, his 
resting ECG was normal; the ECG stress test showed, for the 
first time, the appearance of left bundle branch block at a heart 
rate of more than 150 beats/min (Fig 2, top right). Exercise 
myocardial scintigraphy showed a reversible septal perfusion 
defect, which was attributed to left bundle branch block. Holter 
monitoring confirmed the presence of a rate-dependent left 
bundle branch block during training at a lower heart rate (120 
beats/min). The patient was referred to us in February 1994. 
Another resting ECG was normal, except for marked sinus 
bradycardia. Routine TTE examination and MRI failed to iden- 
tify the LCA ostium in its normal site but clearly demonstrated 
the presence of an anomalous vessel arising from the right 
(anterior) sinus of Valsalva and running with a posterior direction 
between the pulmonary artery and aortic root, suggesting an 
anomalous origin of LCA from the right sinus (Fig 2, bottom left 
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Figure 2. 47-year-old asymptomatic long-distance runner (case 3). Top left, resting ECG normal 
except for sinus bradycardia. Top right, maximal ECG stress test on bicycle ergometer showed the 
appearance of a complete left bundle branch block at a heart rate greater than 15u beats/min. Bottom 
left, TTE (left parasternal short-axis aortic view) revealed the absence of the left coronary ostium in the 
normal position and the presence of an anomalous vessel, the left coronary artery, arising from the right 
sinus ot Valsalva; these anomalies were confirmed by MRI (bottom right) and coronary angiography 
(not shown). 
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and right), which was confirmed definitively by coronary angiog- 
raphy. The athlete was advised to refrain from strenuous physical 
activity. 



Discussion and Conclusions 

AOCA is a congenital anomaly that can be isolated 
or associated with other congenital cardiac diseas- 
es. 1 ' 3 Different types of AOCA have been described 
in young adults, including the origin of a coronary 
artery directly from the pulmonary trunk, usually 
strongly symptomatic in early infancy, and the anom- 
alous origin of the RCA and LCA from the opposite 
sinus of Valsalva. Four types of anomalous origin of 
the LCA were described by Roberts, 1 type B being 
the most frequent in autopsies of subjects with 
sudden death or death attributed to ischemic causes. 
In this type, the LCA arises from the right sinus of 
Valsalva at an angle of roughly 180° to the center of 
aorta, has a slit-like ostium, and runs between the 
pulmonary trunk and the aorta. In the anomalous 
origin of the RCA from the left sinus, the anatomic 
picture is similar but the ostium is less frequently 
slit-like. 1 

The prevalence of AOCA in the general popula- 
tion is very low. Recently, Pelliccia et al 9 did not find 
any cases of AOCA in a large cohort of elite athletes. 
However, in spite of its rarity, sports medicine 
physicians should not disregard AOCA because this 
problem may be associated with sudden death in 
young people, particularly those participating in 
sports or performing strenuous exercise. 4-611 The 
association of AOCA with exercise-related sudden 
death has been explained by three factors: (1) out- 
ward expansion of the roots of both the aorta and 
pulmonary trunk during exertion, which can cause 
further compression of the ostial lumen of the 
anomalous artery; (2) the anomalous vessel can be 
compressed against the root of the pulmonary trunk, 
where it is firmly anchored to the infundibular 
septum, when the aortic root and pulmonary trunk 
dilate during exertion; and (3) myocardial oxygen 
requirement increases with exertion. 1 The conse- 
quent myocardial ischemia may trigger life-threaten- 
ing ventricular arrhythmias and sudden death. 

Unfortunately, AOCA is a very insidious pathol- 
ogy, difficult to identify in vivo because the affected 
subjects are often asymptomatic and sudden death 
can be the first manifestation of the disease. Only 
30% of symptomatic patients had typical angina, 4 
while the remaining ones reported nonspecific symp- 
toms such as syncope, dyspnea on effort, or ventric- 
ular arrhythmias. TTE examination may be useful in 
identifying AOCA. However, sonographers need 
specific training and a high-quality imaging system to 
visualize the origins of coronary arteries. This may 



explain why all three subjects in our study had prior 
TTEs that failed to identify the anomaly. 

Today, transesophageal echocardiography has 
greatly improved the likelihood of diagnosing AOCA 
and identifying an abnormal course between the 
aorta and pulmonary trunk, which sometimes cannot 
be visualized satisfactorily even by coronary angiog- 
raphy. 1213 As demonstrated by our cases, MRI also 
appeared to be a promising tool for identifying such 
anomalies. 14 ' 16 However, in our cases, MRI showed 
a complementary role, and transesophageal echocar- 
diography was not performed because the traditional 
TTE permitted successful identification of these 
anomalies. 

Nevertheless, our cases confirm the difficulty of 
making an in vivo diagnosis of AOCA in athletes. 
The three patients did not have angina at rest or on 
effort, nor did they have other cardiovascular symp- 
toms, such as syncope, dyspnea, or palpitations. A 
resting ECG was practically normal in cases 1 and 3, 
while in case 2 it showed only incomplete right 
bundle branch block with left-axis-deviation. Stress 
ECGs revealed abnormalities in all three cases, but 
none was specific for exercise-induced ischemia: the 
patient in case 1 had ventricular ectopic beats; case 
2, an accentuation of left-axis deviation; and case 3, a 
rate-dependent left bundle branch block. Further- 
more, the patient in case 1 had negative myocardial 
scintigraphy; case 2 had a mild reversible apical 
defect; and case 3 had a reversible septal perfusion 
defect, which was attributed, however, to left bundle 
branch block. Therefore, ECG stress testing and 
myocardial scintigraphy may provide little or no 
diagnostic information in patients with suspected 
AOCA. 1 

Although asymptomatic, all three athletes were 
advised to refrain from competitive sports and stren- 
uous physical activity because of the increased risk of 
exercise-related sudden death, and careful follow-up 
was recommended. Little is known about the natural 
history of these anomalies, particularly when the 
subjects are no longer competitive athletes. 

In conclusion, we found three cases of AOCA in a 
large cohort of athletes playing different sports at 
various competitive levels; the prevalence of 0.09% 
was similar to that reported for the general popula- 
tion. 117 This apparently contrasts with the complete 
absence of AOCA reported by Pelliccia et al. 9 How- 
ever, the prevalence of AOCA in our cohort may be 
higher since some subjects (including all three cases) 
were referred for evaluation of cardiac problems or 
symptoms. 

Our study confirmed that AOCA is rare in asymp- 
tomatic athletes, but that it can be identified through 
an accurate exploration of coronary anatomy by 
TTE. This should not imply that a routine TTE 
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should be included in the preparticipation screening 
of athletes since the cost-effectiveness ratio of this 
procedure is unfavorable. 18 For this reason, also in 
our country, where a preparticipation screening of 
athletes is required by law, so directly implicating 
responsibility of sports physicians in the eligibility for 
competitive sports, we do not recommend to include 
it. We would simply alert sports physicians and 
cardiologists to the utility of accurate TTE to exclude 
or confirm the presence of an AOCA in athletes 
referred for unexplained symptoms and/or ECG 
abnormalities. 
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American Cancer Society Guidelines for 
Screening and Surveillance for Early Detection 
of Colorectal Polyps and Cancer: Update 1997 



Tim Byers, MD, MPH; Bernard Levin, MD; David Rothenberger, MD; 
Gerald D. Dodd, MD; and Robert A. Smith, PhD (for the American Cancer 
Society Detection and Treatment Advisory Group on Colorectal Cancer) 



Background 

In 1997 approximately 131,000 Ameri- 
cans will be diagnosed with colorectal 
cancer and about 55,000 will die from this 
disease. 1 Colorectal cancer is second only 
to lung cancer as a cause of death from 
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cancer in the United States. Without pre- 
ventive actions, about 6% of Americans 
will develop colorectal cancer sometime 
in their lives. Recent research, however, 
has contributed to a growing consensus 
that early detection methods can prevent 
a substantial proportion of the suffering 
and mortality from colorectal cancer. 2 - 3 
The same methods used to detect col- 
orectal cancers at early, curable stages 
can also aid physicians in the identifica- 
tion and removal of adenomas, which 
give rise to colorectal cancer. Methods 
for early detection can therefore actually 
prevent colorectal cancer. 

Development of Guidelines 

The American Cancer Society issues 
guidelines for practitioners and the gen- 
eral public for both clinical practices and 
lifestyle behaviors that can reduce suffer- 
ing and mortality from cancer. Since 1980 
the ACS has recommended screening for 
colorectal cancer. 4 The current recom- 
mendation, updated in 1992, calls for 
everyone over age 50 who is at average 
risk to be screened with annual fecal oc- 
cult blood testing and sigmoidoscopy 
every 3 to 5 years and for those at higher 
risk to seek a recommendation from their 
physician. 5 

Because of new findings that have 
strengthened the evidence of benefit 
from screening people at average risk and 
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because of the need for more specific 
guidance for those at higher risk, the 
ACS has determined that these guide- 
lines now need to be updated. 

The ACS Detection and Treatment 
Advisory Group on Colorectal Cancer 
developed the new guidelines using an in- 
clusive process, based on the best scientif- 
ic evidence available. Late in 1995, the 
Advisory Group met to review the scien- 
tific evidence and to set general principles 
for guideline development. The Group 
identified four scientific and clinical issues 
that it regarded as important in the for- 
mation of these new guidelines: 

1. Evidence was growing about the 
benefits of early detection of colorectal 
cancer and of adenomatous polyp removal 

2. Evidence was inconclusive regard- 
ing the relative clinical effectiveness of 
the alternative methods for early detec- 
tion of colorectal cancer and adenoma- 
tous polyps. 

3. Advances in cancer genetics and 
findings from epidemiologic studies had 
identified increasing numbers of people 
as being at high risk for colorectal cancer, 
yet the previous ACS guidelines did not 
provide specific recommendations for 
anyone other than those at average risk. 4 

4. Despite the existing ACS guide- 
lines most adults in the United States 
were not being screened for colorectal 
cancer. 

The Advisory Group developed the 
new guidelines by a process based on the 
following four principles: 

1. Wide input and consensus among 
the medical specialties would be sought. 

2. Specific advice would be offered 
when scientific data could support specif- 
ic methods, and a range of acceptable op- 
tions would be offered when scientific 
data were insufficient to contrast alterna- 
tive effective methods. 

3. Different recommendations would 
be considered for those at different levels 
of risk. 

4. The guidelines would be clear 
enough for widespread clinical use but 



also flexible enough to allow for tailor- 
ing of approaches to meet individual 
needs. 

Draft guidelines were developed in 
mid-1996 and circulated to various orga- 
nizations for comments and suggestions. 
Based on those suggestions, the guide- 
lines were then revised in early 1997 and 
approved by a vote of the ACS Board of 
Directors in March 1997. 

Definitions of Early 
Detection Methods 

Fecal occult blood testing (FOBT) refers 
to the implementation of the protocol of 
collecting and testing six samples from 
three consecutive stools of a patient fol- 
lowing a specified diet. 6 The published 
FOBT trials used the Hemoccult II 
method (SmithKline Diagnostics, San 
Jose, CA), 7 9 but other methods are now 
in development. 10 A positive fecal occult 
blood test should be followed by 
colonoscopy. 

Digital rectal examination refers to 
the inspection and palpation of the anus 
and lower rectum. 

Flexible sigmoidoscopy refers to the 
direct visual examination of the lower 
third to half of the colorectum by a 
trained examiner using a flexible 60-cm 
endoscope after satisfactory cleansing of 
the descending and sigmoid colon. A pos- 
itive finding on sigmoidoscopy should be 
followed by colonoscopy. 

Total colon examination refers to ei- 
ther of two procedures carried out by a 
trained examiner after a satisfactory 
cleansing of the entire colorectum. One 
procedure is colonoscopy, direct visual 
examination of the entire colorectum (to 
the cecum) using a colonoscope. The oth- 
er procedure is double-contrast barium 
enema, radiologic examination of the en- 
tire colorectum by instilling both barium 
and air to define the contours of the col- 
orectal mucosa. A positive finding on 
double-contrast barium enema should 
usually be followed by endoscopy. 
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1997 ACS Colorectal Cancer 
Screening Guidelines 

The new ACS guidelines for the early de- 
tection of colorectal adenomas and col- 
orectal cancer are summarized in the 
Table. Following is a brief explanation of 
the main features of the recommen- 
dations. 

People at Average Risk 

Approximately 70 to 80% of all colorec- 
tal cancers occur among people at "aver- 
age risk." 3 Average risk is defined by ex- 
clusion as anyone who is not otherwise 
defined as being at increased risk (as de- 
fined below). There are no factors yet 
identified that would place a person at 
lower than "average" risk for an initial 
approach to screening. 

Everyone should begin colorectal 
cancer screening by age 50 by one of two 
methods, annual FOBT with sigmoid- 
oscopy every 5 years or a total colon ex- 
amination, either by colonoscopy (every 
10 years) or by double-contrast barium 
enema (every 5 to 10 years). Digital rec- 
tal examination should be performed at 
the time of the sigmoidoscopy or the to- 
tal colon examination, that is, every 5 to 
10 years. Although there may be benefits 
of more frequent digital rectal examina- 
tion for other purposes (e.g., for exami- 
nation of the prostate in men or as part of 
the bimanual pelvic examination in 
women), there is no added benefit in de- 
tecting anal or rectal neoplasia by digital 
rectal examination more often than 
every 5 to 10 years. 

The choice of colonoscopy or dou- 
ble-contrast barium enema can be made 
on an individual basis, depending on fac- 
tors such as the local availability of 
trained clinicians who can offer a high- 
quality examination and cost. A supple- 
mentary double-contrast barium enema 
may be needed if a colonoscopic exami- 
nation fails to reach the cecum, and a 
supplementary colonoscopy may be 



needed if a double-contrast barium ene- 
ma identifies a possible lesion or does 
not adequately visualize the rectosig- 
moid area. Double-contrast barium ene- 
ma is usually less expensive than, 
colonoscopy, but colonoscopy provides 
a direct visualization of lesions, which 
can then be sampled for biopsy or ex- 
cised during the same procedure. For 
those who elect a periodic total colon ex- 
amination for screening, there is no need 
for annual FOBT. 

People at Moderate Risk 

Approximately 15 to 20% of colorectal 
cancers occur among people at moderate 
risk. 3 The genetic events leading to col- 
orectal cancer are rapidly becoming un- 
derstood. 11 Colorectal adenomas are 
clearly the precursor lesions for almost all 
colorectal cancers, and adenomas are 
usually present for several years before 
they develop into cancer. 12 People who 
are diagnosed as having adenomatous 
polyps should have colonoscopic removal 
of all polyps from the colorectum. A total 
colon examination should then be re- 
peated in 3 years. If adenomatous polyps 
have not recurred at the time of the 3- 
year examination, surveillance by total 
colon examination should be repeated 
every 5 years thereafter if the original 
polyp was 1 cm or larger or contained 
villous histology. If the original polyp 
was smaller than 1 cm, however, if it did 
not contain villous histology, and if the 
3-year examination is negative, the pa- 
tient can thereafter return to "average- 
risk" recommendations. 

A family history of either colorectal 
cancer or colorectal adenomas increases 
the risk of developing colorectal cancer. 
In general, the closer the familial rela- 
tionship, the younger the age of onset, 
and the larger the number of affected 
family members, the greater is the risk. 13 
Thus, risk is especially high for an individ- 
ual if a first-degree relative (parent, sib- 
ling, or offspring) has had a colorectal 
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cancer or an adenomatous polyp diag- 
nosed before age 60 years or if more than 
one first-degree relative has been affect- 
ed at any age. Individuals with a single 
first-degree relative diagnosed with a col- 
orectal cancer or an adenomatous polyp 
after age 60, however, or with affected 
relatives who are not first-degree rela- 
tions can be considered to be at average 
risk, although it may be prudent to begin 
screening before the age of 50 years. 

People at High Risk 

Approximately 5 to 10% of all colorectal 
cancers occur among people at high risk. 3 
Most of those defined as being at high 
risk for colorectal cancer have one of two 
hereditary syndromes or inflammatory 
bowel disease. 

Familial adenomatous polyposis syn- 
drome (FAP) is a genetic condition that 
affects 1 in 10,000 people. FAP is caused 
by a mutation in the APC gene on chro- 
mosome 5. 11 People with this condition 
develop hundreds of colorectal polyps 
and will almost certainly develop colorec- 
tal cancer unless the colon is removed. 

Hereditary non-polyposis colorectal 
cancer syndrome (HNPCC) is a genetic 
condition that can also cause colorectal 
cancer among many people in a family 
even though multiple polyps are not pre- 
sent. HNPCC is caused by mutations in 
mismatch repair genes located on chro- 
mosome 2, 3, or 7. 11 HNPCC has been 
classically defined as colorectal cancer in 
three or more family members, two of 
whom are first-degree relatives of the 
third, involving people in at least two gen- 
erations, and with one person diagnosed 
with colorectal cancer before age 50 
years. However, other variants of this 
classic pedigree clearly exist. Individuals 
with genetic mutations that can lead to 
HNPCC are also at high risk for cancers 
of the ovary, uterus, ureter, pancreas, and 
stomach. Genetic tests are now available 
to detect the mutations that lead to FAP 
and HNPCC and should be considered, 



with appropriate counseling, for people 
with family histories suggestive of these 
conditions. 

Both ulcerative colitis and Crohn's 
disease that affects the colorectum great- 
ly increase risk for colorectal cancer be- 
ginning 8 years after the onset of colorec- 
tal symptoms. Management is by careful 
endoscopic surveillance for colonic dys- 
plasia and prophylactic colectomy. 

Comment 

These new ACS guidelines for colorectal 
cancer screening are comparable to 
guidelines released by two other organi- 
zations within the past year. 2 - 3 

In 1996 the US Preventive Services 
Task Force (USPSTF) issued revised 
guidelines for clinical preventive 
services. 2 Those guidelines called for an- 
nual FOBT beginning at age 50. The suc- 
cess of a large randomized, controlled tri- 
al in reducing colorectal cancer mortality 
by 33% was the basis of the USPSTF rec- 
ommendation. 7 Since then, two Euro- 
pean trials also have shown benefits from 
FOBT. 8 9 The USPSTF also recommend- 
ed sigmoidoscopic screening, though it 
did not specify a frequency because no 
randomized trials testing sigmoidoscopy 
had yet been completed. 2 The USPSTF 
criteria for making recommendations de- 
pend largely on findings from random- 
ized trials. A randomized, controlled trial 
is now under way to measure the benefits 
of sigmoidoscopic screening, but results 
will not be known for several years. 14 

The ACS recommends that flexible 
sigmoidoscopy be done every 5 years to 
complement annual FOBT. One reason 
for the ACS recommendation is related 
to a well-documented set of recommen- 
dations issued in February 1997 by an in- 
terdisciplinary task force originally con- 
vened by the Agency for Health Care 
Policy Research (AHCPR). 3 This Task 
Force was supported not only by 
AHCPR but also by the American Gas- 
troenterological Association, the Ameri- 
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can Society for Gastrointestinal En- 
doscopy, the American College of Gas- 
troenterology, the American Society of 
Colon and Rectal Surgeons, and the Soci- 
ety of American Gastroenterologic En- 
doscopic Surgeons. The Task Force 
called for universal screening for every- 
one after age 50 years, offered a set of 
reasonable options for screening meth- 
ods, and specified recommendations for 
different levels of risk. These new ACS 
guidelines for colorectal cancer screening 
are nearly identical to the AHCPR Task 
Force guidelines. 

One of the Task Force options is 
limited to annual FOBT testing for those 
at average risk for colorectal cancer. The 
ACS recommendation to always add pe- 
riodic sigmoidoscopic examinations to 
the annual FOBT is an important differ- 
ence between the ACS and the AHCPR 
Task Force recommendations. The ACS 
has made this recommendation for three 
reasons: the benefits from the FOBT tri- 
als 7 " 9 were the result of the diagnostic en- 
doscopies that followed positive FOBT 
tests, 15 other studies have shown substan- 
tial risk reduction from sigmoidoscopic 
examinations, 1617 and flexible sigmoid- 
oscopy is now widely available and safe 
and can be offered at a reasonable cost. 
Although trials have shown that FOBT 
alone as a screening method can reduce 
colorectal cancer mortality by 15 to 
33%, 7 9 the benefits derived from FOBT 
in these trials were the result not of the 
FOBT per se but of the subsequent 
colonoscopic examinations that led to 
polypectomy or to the early identification 
of colorectal cancers. 15 The simulation 
models presented by the AHCPR Task 
Force estimate a 20% reduction in mor- 
tality from adding sigmoidoscopy every 5 
years to annual FOBT, 3 and two case- 
control studies suggest an even greater 
benefit from sigmoidoscopy. 1617 The 
ACS therefore recommends sigmoido- 
scopic examinations every 5 years as a 
reasonable way to intensively monitor 
the left side of the colorectum for neopla- 



sia while using annual FOBT to monitor 
the entire colon for bleeding. 

The option of using total colon ex- 
amination as a primary screening method 
is an important feature of both the 
AHCPR Task Force recommendations 
and the new ACS guidelines. Although 
randomized trials of total colonic exami- 
nations have not yet begun (and hence 
measures of their effectiveness will not be 
made for at least 10 years), the ACS com- 
mittee believes that the indirect evidence 
for benefit and efficiency is compelling 
and that both benefit and efficacy would 
probably improve if future costs declined 
and availabilities improved with greater 
demand. 

The ACS committee discussed the 
operational performance of various age 
cut-points. Because cut-points for age 
are arbitrary in most publications, the 
ACS committee decided to recommend 
a common age of "before age 60 years" 
to define familial risk. This is the same as 
the AHCPR Task Force cut-point for 
polyps but 5 years higher (and thus more 
inclusive) than the Task Force cut-point 
for cancer. Minor differences in the cut- 
points are less important than the con- 
cept of identifying elevated risk by family 
history, then beginning screening at an 
earlier age. 

Future developments will improve 
the already impressive benefits of the ear- 
ly detection methods we now have in 
place in many clinical centers. FOBT 
methods will probably improve and be 
refined. The clinical implications of rehy- 
dration of Hemoccult II slides (resulting 
in high sensitivity but lower specificity) 
have resulted in an appreciation of the 
need for newer tests, such as Hemoccult 
Sensa (SmithKline Diagnostics, San Jose, 
CA) and immunochemical tests for hu- 
man hemoglobin. The use of different 
types of fecal occult blood tests in combi- 
nation is also under study. Even genetic 
testing for mutations present in colonic 
cells excreted in feces is technically possi- 
ble, 18 and improved imaging techniques 
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using modalities such as spiral CT with 
three-dimensional reconstruction of the 
colonic images may be useful for early de- 
tection. 19 These new ACS guidelines for 
screening and surveillance for the early 
detection of colorectal polyps and cancer 
should be useful for clinicians and the 
general public. These guidelines will be 
updated in the future as new scientific 
data become available. 

Summary 

In the past, differences in opinion among 
professional groups about colorectal can- 
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Diabetes mellitus is a group of metabolic 
diseases characterized by hypergly- 
cemia resulting from defects in insuiin 
secretion, insulin action, or both. Type 2 
diabetes, the most prevalent form of the dis- 
ease, is often asymptomatic in its early stages 
and can remain undiagnosed for many 
years. Approximately 5.4 million adults in 
the U.S. have undiagnosed type 2 diabetes. 

The chronic hyperglycemia of diabetes 
is associated with long-term damage, dys- 
function, and failure of various organs, 
especially the eyes, kidneys, nerves, heart, 
and blood vessels. Individuals with undi- 
agnosed type 2 diabetes are at significantly 
higher risk for coronary heart disease, 
stroke, and peripheral vascular disease than 
the nondiabetic population. They also have 
a greater likelihood of having dyslipidemia, 
hypertension, and obesity. 

Because early detection and prompt 
treatment may reduce the burden of type 2 
diabetes and its complications, screening 
for diabetes may be appropriate under cer- 
tain circumstances. This position statement 
provides recommendations for diabetes 
screenings performed in physicians' offices 
and community screening programs. 

This position statement does not 
address screening for type 1 diabetes or 
gestational diabetes mellitus (GDM). 
Because, of the acute onset of symptoms, 
most cases of type 1 diabetes are detected 
soon after symptoms develop. Widespread 
clinical testing of asymptomatic individuals 
for the presence of autoantibodies related to 
type I diabetes cannot be recommended at 
this time as the means to identify persons at 
risk. Reasons for this include the following: 
/) cutoff values for some of the immune 
marker assays have not been completely 
established for clinical settings: 2) there is 
no consensus as to what action should be 
taken when a positive autoantibody test 
result is obtained; and J) because the inci- 
dence of type 1 diabetes is low, testing of 



healthy children will identify only the small 
number (<0.5%) who at that moment may 
be ''prediabetic.' 1 Clinical studies atv being 
conducted to test various methods of pre- 
venting type 1 diabetes in high-risk sub- 
jects (e.g., siblings of type 1 patients). These 
studies ma)' uncover an effective means of 
preventing type 1 diabetes, in which case 
screening may be appropriate in the future. 

For information on screening for 
GDM, refer to the American Diabetes Asso- 
ciation's position statement "Gestational 
Diabetes Mellitus." 

DIABETES PREVALENCE AND 
RISK FACTORS — The prevalence of 
diagnosed and undiagnosed diabetes in 
adults in the U.S. is about 6%. However, 
specific subgroups have a much higher 
prevalence of the disease than the popula- 
tion as a whole. These subgroups have cer- 
tain attributes or risk factors thai either 
directly cause diabetes or are statistically 
associated with it. 

The correlation of a risk factor(s) with 
development of diabetes is never 100%. 
However, the greater the number of risk fac- 
tors present in an individual, the greater the 
chance of that individual developing or hav- 
ing diabetes. Conversely; the chance of find- 
ing diabetes in an individual without a risk 
factor is low Thus, the likelihood of identi- 
fying an asymptomatic individual with dia- 
betes in the general population through 
random screening is small; however, in high- 
risk groups the likelihood is much greater. 

The risk of developing type 2 diabetes 
increases with age, obesity, and Lick of 
physical activity. Type 2 diabetes is more 
common in individuals with a family his- 
tory of the disease and in members of cer- 
tain racial/ethnic groups. It occurs more 
frequently in women with prior GDM and 
in individuals with hypertension or dys- 
lipidemia. Major risk factors lor type 2 dia- 
betes are summarized in Table I. 



SYMPTOMS — Symptoms of marked 
hyperglycemia include polyuria; polydipsia; 
weight loss, sometimes with polyphagia; 
and blurred vision. However, each of these 
symptoms are nonspecific and. therefore, 
am occur in individuals without diabetes. 
Thus, in and of themselves, symptoms are 
poor indicators of diabetes. Also, type 2 
diabetes frequently goes undiagnosed for 
many years because the hyperglycemia 
develops gradually, and thus the onset, and 
even the presence, of symptoms often goes 
unnoticed. 

GENERAL RECOMMENDATIONS 
FOR SCREENING BY 
PHYSICIANS — Screening for diabetes 
as pan of routine medical care may be 
appropriate if the patient has one or more of 
the risk factors shown in Table 1. Based on 
the lack of high-quality cost-benefit studies, 
it is premature to recommend screening all 
high-risk individuals. Thus, the decision to 
screen for diabetes should ultimately be 
based on clinical judgment and patient pref- 
erence. 

On the basis of expert opinion, screen- 
ing of high-risk individuals should be con- 
sidered at 3-year intervals. The rationale for 
this interval is that there is little likelihood 
of an individual developing any of the com- 
plications of diabetes to a significant degree 
within 3 years of a negativ e screening test 
result. 

Screening tests 

The fasting plasma glucose (FPG) test and 
the oral glucose tolerance test (OGTT) are 
both suitable tests for diabetes; however, 
the FPG test is strongly preferred because it 
is easier and faster to perform, more con- 
venient and acceptable to patients, and less 
expensive. Fasting is defined as no con- 
sumption of food or beverage other than 
water for at least 8 h before testing. 

An FPG level 2:126 mg/dl (7.0 mmol/1) 
or a 2-h postload value in the OGTT ^200 
mg/dl (11.1 mmol/1) are indications for 
retesting. Either test must be repeated on a 
different day to confirm a diagnosis. Table 2 
presents the diagnostic criteria. 



Originally approved April 1989. Most recent review/revision 1998. 

Abbreviations: FPG. fasting plasma glucose: GDM. gestational diabetes mellitus: ll : G. impaired fasting 
glucose: IGT. impaired glucose tolerance: OGTT. orjl glu<:osc tolerance test. 
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Table 1— Major risk factors for. dlabctesmetiitus ' 

■■ '- » ■ i ■ . i ,, ■ , . 



Family history of diabetes (i.e .-/parents or siblings with diabetes) * ' ! r, ■ 

Obesity (i.e., ^20% over desired body weight oi BMI a: 27 hyj m - ) : | 
: Race/ethrucuy(e>g 

Asian-Americans, Pacific Islanders); 
Age 2^45 years- , 
Previously identified IFG or IGT ' ' ' ( , 

Hypertension (=£ 140/90 mmHg) ' 
Tft'DL cholesterol level «=35 p^J^O mmblftji^^^ S:250 mg/^S? 

(232 mmol/l) * „ 

History oi COM or delivery of babies over 9 lb 

__ _.. ~ „,„ ^L J "I ^.iJL^C;!ilJ^^ - - 



On the other hand, communiiy screening 
programs clearly provide a means to 
enhance public awareness of the serious- 
ness of diabetes and its complications. 
Thus, based on expert opinion, community 
screening for diabetes in high-risk popula- 
tions may be worthwhile, but its true effi- 
cacy is unknown. In conclusion, to increase 
the cost-effectiveness of testing undiag- 
nosed, otherwise healthy individuals, 
screening should be considered in high- 
risk populations. This recommendation is 
consistent with the "Report of the Expert 
Committee on the Diagnosis and Classifi- 
cation of Diabetes." 



Nondiabetic individuals with an FPG 
>110 mg/dl (6.1 mmol/l) but <126 mg/dl 
(7.0 mmol/l) are considered to have 
impaired fasting glucose (IFG), and those 
with 2-h values in the OGTT >140 mg/dl 
(7.8 mmol/l) but <200 mg/dl (11.1 mmol/l) 
are defined as having impaired glucose tol- 
erance (IGT). Both IFG and IGT are risk fac- 
tors for future diabetes. 

Normoglycemia is defined as plasma 
glucose levels < 1 10 mg/dl (6. 1 mmol/l) in 
the FPG and a 2-h postload value <140 
mg/dl (7.8 mmol/l) in the OGTT. 

If necessary, plasma glucose testing 
may be performed on individuals who have 
taken food or drink shortly before testing. 
Such tests are referred to as random plasma 
glucose measurements and are given with- 
out regard to time of last meal. A random 
plasma glucose level >160 mg/dl (8.9 
mmol/l) is considered a positive screening 
test result. The diagnosis of diabetes is 
made on additional testing — preferably by 
the FPG test, or less preferably, by the 
OGTT — performed on subsequent days. 

Laboratory measurement of plasma 
glucose concentration is performed on 
venous samples with enzymatic assay tech- 
niques, and the above-mentioned values 
are based on the use of such methods. 

Glycated hemoglobin remains a valu- 
able 
not 
ing 



Other considerations 



blockers, and nicotinic acid, may produce 
hyperglycemia. 

GENERAL RECOMMENDATIONS 
FOR COMMUNITY SCREENING 
PROGRAMS — The major objective 
of a community screening program is to 
identify individuals at high risk for having 
undiagnosed diabetes. To ibis end, a verbal 
or written questionnaire is recommended. 
The American Diabetes Association's dia- 
betes risk test is shown in Fig. 1. Individu- 
als who have been determined to be at risk 
should be referred to a physician for evalu- 
ation. In addition, individuals indicating 
that they have any diabetes symptoms 
should seek appropriate medical care. Com- 
munity screening programs must have an 
established mechanism for referring indi- 
viduals to a clinician for further evaluation. 

Although there is ample scientific evi- 
dence showing that certain risk factors pre- 
dispose individuals to development of 
diabetes (Table 1). there is insufficient evi- 
dence to conclude that community screen- 
. ing is a cost-effective approach to reduce 
the morbidity and mortality associated with 
diabetes in presumably health)' individuals. 



Use of glycemic testing in 
community screening programs 

If the community screening program is 
being implemented under the close super- 
vision of a clinician, glycemic testing may 
be performed. Minors, individuals with 
diagnosed diabetes, and pregnant women 
should not receive glycemic testing in com- 
munity screening programs. Pregnant 
women should be referred to a physician 
for appropriate evaluation. 

Criteria for glycemic testing in 
community screening programs 

Glycemic testing should be limited to indi- 
viduals who have been found to be at high 
risk for having undiagnosed diabetes 
through the use of a verbal or written ques- 
tionnaire (e.g., the Associations diabetes 
risk test). 

Screening tests 

The screening test of choice is the FPG 
test. Fasting is defined as no consumption 
of food or beverage other than water for at 
least 8 h before testing. An FPG level 2r 126 
mg/dl (7.0 mmol/l) is an indication for 
evaluation by a physician. 




' ' fPG-<uo mg/dl FPG ai 10 ;md <1'26 mg/dl (IFG) 

In screening for disease, it is crucial tfi& 2-h VGT < 140 mg/dl > 2-h PGT a 140 and <200 mg/dl (IGT) 



appropriate interpretation of the scretfp 
ing test results is provided to the patupfc 
and that follow-up evaluation and trepl 
ment are made available. Also, it is inip§|£ 
tant to consider that certain dru| 
including glucocorticoids, iurosemide 
azides, estrogen-containing products 



- r •••• • 7 i ' , . 



•• • • 

FPG s 126 mg/dl , 
2-hPGt ^20l\mg/dl 
^S^ptorris of QM^and 
random plasma glucose 
concentration ^200 'mg/dl 
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PffitmStWeffienr 



Sixteen million Americans have tfiajjeUss ^ahd millions of thein don*t even 
know it! i^kc this test to see if you are at risk for having diabetes. Diabetes is 
more common in African Americans, Hispanics/ Latinos, and American 
Indians, If you are a member of one of these ethnic groups, you need to pay 
special attention to this test. , s 

To find out if you.are, at risk, write in the points next to each statement 
that is true for you. If a statement is not true, put a zero. Add your total score. 



S^RiskifeigM Chart 



T.*My Weight Is txjijnltb or-ybove that Jilted tri$ie : i1iart* 



?« 5 



Vi 2. 1 am under fo years of age arid l gct little or 
no exercise during a u$ttajday> ; '■ ■ 

r 3^ I am l>e tween 45 and 64 years of age. f } 

4. 1 am 65 years old or okjen 

5,1 am a woman who has .had a baby Weighing 
more than nine pounds at birth, 

, 6. 1 huye a sister ora brother with ^iabetqsv v 

? 7, l have a pareintwith diabetes. ' "'!.;. 



Yes 
Yes 



Yes, 1 
Yte 1 
Yfes 1 



TOTAL 



Scoring 3-9 points , 

You are probably at lovv risk for having diai>etcs now. But don't just forget; 
about itr-^especially if yon are Hispanic, African Americaiv American Indian. 
Asian American, or Pacific: Islander, You may be at higher risk in the -future. 
New guidelines recommend everyone age 45 and over should coasider being 
tested for me disease every three year^. H should 
consider being tested at a younger age. 

Scoring 10 or more points 

Yrm are at high risk (or having diabetes. Qrdy a clocto^ can <le|erniine if 
you have diabeftes. See a doctor sooft and J md out, f br sure, . ' : Y 

Figure] — Amerttfm Dtafefcss/I^ > 







I Height 


Weight 




•U71 1 11 mi jcli ii 1 m 1 % 


V 10" 


129 




: 133 v 


5' 0" - J, 


138 : 


■ . 5' r ... 


143 




147 r 




' 152 
157 ' 


V 3" 


162 


5* 6" 


167 




172 


. 5*^8" - 


177 


| . - 5* 9" 


• 182 


5* lO" 


188 


]', V 5' 11" ' 


193 ;. 


i. ' 8" 0" ; , 


199 


T 8" 1" 




8' 2" 

X 6" 3" " ' . 


210 
216 

• ; ;^2f,"; ' 


6* «r 



IFyOii Woi^h the&inujor in\i.ri'\luiii the 
amount listed - fOr your. b^jgh^/\ ^ulm^}; be. 
in risk -for diabetes. This <;ljar t ; is'J)as<:d* o 1 1 
a , 1 1 u:a.s i ire cal IctL < he Body Massijndex > . 
tBM|)/ r hic chtirt ; : *>jiows unhealthy weights 
for men aj,ul women age 3^ or older art he 
listed 1 1 eights. Ai-ri^k weights a rt k lower for 
individuals under ;%e 35. 



Some screening prograrns "use bloody 
glucose monitoring devices (meters) 
approved by t he Food and Drug Admmis* 
tration for home use/ While testing ofxapil- 
lary blo od jpucose (e.g ., finger-stick gluxosej 

isiraiors of programs that use meters should 
practice regular quality-assurance proce- 
dures and be aware of manufacturers" rec- 
ommendations regarding use of their 
specific testing devices. Many or these 
meters measure whole blood glucose and 
not plasma glucose. Note that plasma glu- 
cose values are 10-15% higher than whole 
blood glucose values. 

Testing of capillary blood glucose 
should be done with the patient in the fast- 
ing state. Individuals with a fasting capil- 
lary whole blood glucose test result >1 10 



mg/di|64 mmQl)1) should be referred to a 
pfy&ttan fdf forther testirig. If necessary a 
tandorn test may be performed on indi- 
viduals, who have taken food or dnrtk 
ihprjtiy^fore testing,' An indtvnduaf with a 
^farTdoTfrrapftVa^ 
result ^140 mg/dl (7.8 mmol/l) should be 
referred to a physician for further testing. 
Testing of blood w r ith a blood glucose 
monitoring device intended for home use 
is not considered a diagnostic procedure, 
even if confirmed on another occasion. 
Thus, a screening test using whole blood 
glucose does not constitute the first test in 
the mandatory two-test procedure for 
diagnosing diabetes. Thus, a whole blood 
screening test must be confirmed two 
more times using plasma from a venous 
sample. 



table 3 defines glycemie test results 
that indicate additional ':.t^^g : :^d : ^yal^ V: 
tipn by a physician. . < 

Other considerations for community 
"screentngprograms " ~ 

1. Community screening programs must 
follow Occupational Safety and Health 
Administration guidelines. 

2. Personnel conducting screening pro- 
grams must be adequately trained and 
demonstrate competency in the testing 
procedure used and in related program 
policies and procedures. The following 
topics should be included in a training 
program: 

• How to screen individuals for the pres- 
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; \ Tabic ^Cutoff' values fof\scfe^n$ t ti$ts" 
v thatwtinqntaldiii 

£^;f: f ' iVi fir/?:' ! §. V^v r fff# 8 

• t . Fasting capillary v*hol& bMd gjhjt&se 

• ■■ ; /' or V. . f - f^- 

* ; . ; Random capillar w^qie bldocl glucose i 
J ; FPC the Purred Eastipg is;defined as. no 



ence of diabetes risk factors (e.g., admin- 
ister a written or verbal questionnaire) 
Performance of the glucose test (e.g., 
obtaining the sample and proper use of 
the glucose measurement device) 
Collection, retention, and distribution 
of screening test data 
Infection control procedures and their 
rationale 

Waste disposal procedures 
Familiarity with referral procedures and 
community health care resources 



3. Follow-up should be conducted to ver- 
ify that individuals who have positive 
screening lest results have sought med- 
ical attention. All individuals who have 
glycemic testing performed must be 
provided a written record (a paper or 
computerized copy retained by the 
organization or facility conducting the 
screening) containing the following 
information: 

• Individual's name, address, and home 
and/or work phone numbers 

• List of the individuals identified risk fac- 
tors for diabetes 

• The date of the test, type of test, test 
results, and a statement about the possi- 
bility of a false-positive or false-negative 
result 

• For an individual with a positive 
screening test result, a statement that he 
or she should seek further medical eval- 
uation 

4. Information on alternative health care 
resources should be made available to 
individuals who do not have access to a 
physician. 
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Cervical cancer 
screening programs: 
summary of the 1982 
Canadian task force report* 



The Canadian Task Force on Cervical Cancer Screen- 
ing Programs, which produced its first report in 1976, 
was reconvened by the Department of National Health 
and Welfare in 1980 in response to concerns ex- 
pressed about the significance of new data, changing 
socsosexual patterns and wide variations in the im- 
plementation of the 1976 recommendations. This 
article is a summary of the 1 982 task force report. In 
addition, to updates of the 1976 material new sections 
appear on groups at risk, mathematical models of 
screening, quality control in screening programs, cyto- 
logic screening coverage of the Canadian population 
and management of patients with abnormal smears. 
The 1982 recommendations deal with frequency of 
screening, laboratory quality control and follow-up 
mechanisms. The task force concludes that measures 
to improve the quality and sensitivity of screening 
programs and to include women who have never been 
screened will be more effective in reducing mortality 
from carcinoma of the cervix than will attempts to 
increase the frequency of screening. 

The task force views as unnecessary the annual 
screening of women over 35 years of age whose 
previous smears have been normal. Since younger 
women are sexually more active and tend to have 
more than one sexual partner they are at high risk. 
Therefore, the task force recommends annual screen- 
ing for sexually active women aged 18 to 35 years. 

Physicians, health care professionals and govern- 
ment health agencies have a role to play in informing 

•Task force established in 1980 by the Department of National 
Health and Welfare. Members: Dr. R.J. Walton (chairman), 
consultant, Manitoba Cancer Treatment and Research Foundation, 
and member, honorary medical staff and former vice president, health 
sciences centre, Winnipeg; Dr. H.H. Allen (representative of the 
Society of Obstetricians and Gynaecologists of Canada), professor, 
department of obstetrics and gynecology. University of Western 
Ontario, London; Dr. G.H. Anderson (from September 1980), director 
of laboratories. Cancer Control Agency of British Columbia, 
Vancouver; Dr. D.A. Boyes (until September 1980), executive 
director, Cancer Control Agency of British Columbia, Vancouver; Dr. 
Madeleine Blanchet, president, Conseil des affaires sociales et de ta 
famille; and former chief, service des 6tudes epidemiologiques, 
direction de la recherche et de la statistique, ministere des Affaires 
sociales, Qu6bec; Dr. John Carmichael, professor of obstetrics and 
gynecology, and head, division of gynecologic oncology, Queen's 
University, Kingston, Ont.; Dr. D.D. Gellman (editor), vice president, 
medicine and education, Vancouver General Hospital; Dr. G.B. Hill, 
director, department of epidemiology, Provincial Cancer Hospitals 
Board, Edmonton; Dr. A.B. Miller, director, epidemiology unit, 
National Cancer Institute of Canada, University of Toronto; Dr. D.W. 
Thomson, professor, department of pathology, University of Toronto, 
and consulting pathologist, Toronto General Hospital; Eve Kassirer 
(coordinator), medical sociologist, Institutional and professional 
services division, health services directorate, health services and 
promotion branch. Department of National Health and Welfare, Ottawa. 

Requests for reprints of the complete report and the summary to: Mrs. 
Eve Kassirer, Institutional and professional services division. Health 
services directorate, Health services and promotion branch, 
Department of National Health and Welfare, Ottawa, Ont. Kl A 1B4 



women about the recommended intervals for cervical 
smears and ensuring that screening programs of 
adequate quality are available. Although women are 
primarily responsible for entering and continuing in 
such a program, government-sponsored registries are 
essential if the full potential of cervical smear pro- 
grams is to be realized. 

Le groupe special de travail sur les programmes de 
depistage du cancer du col uterin. groupe qui deposa 
son premier rapport en 1976, a ete invite par le 
ministere de la Sante et du Bien-dtre social a se reunir 
de nouveau en 1980 en reponse aux inquietudes 
exprimees concernant la portee des donnees nouvelle- 
ment accumulees, des changements dans les attitudes 
socio-sexuelles et des importantes variations dans 
1'application des recommandations ernises en 1976. 
Cet article est un resume du rapport de 1982 du 
groupe special de travail. En plus d'une mise a jour de 
reformation de 1976 de nouvelles sections ont ete 
ajoutees sur les groupes a risque, les modeles 
math6matiques de depistage, le contrOte de la qualite 
des programmes de depistage, la population cana- 
dienne couverte par des examens cytologiques et la 
prise en charge des patientes ayant un frottis de 
depistage anormal. Les recommandations de 1982 
abordent la frequence des examens de depistage, le 
contrdle de la qualite des laboratoires et les meca- 
nismes de surveillance. Le groupe de travail conclut 
que des mesures desttnees a ameliorer la qualite et la 
sensibility des programmes de depistage et a rejoindre 
les femmes qui n'ont jamais 6t6 examinees feront 
davantage pour reduire la mortalite due au cancer du 
col uterin que toute tentative pour augmenter la 
frequence des examens de depistage. 

Le groupe considere inutile I'examen annuel des 
femmes de plus de 35 ans dont les frottis anterieurs 
se sont reveles normaux. Comme les femmes plus 
jeunes sont sexuellement plus actives et qu'elles ont 
tendance d avoir plus d'un partenaire sexuel, elles 
constituent un groupe a risque eleve. En consequence, 
le groupe special de travail recommande I'examen de 
depistage annuel des femmes sexuellement actives 
Agees de 18 a 35 ans. 

Les medecins, les professionnels de la sante et les 
services gouvernement aux de sante ont leur role a 
jouer en ce qui a trait a informer les femmes des 
intervenes recommande* entre chaque frottis du col et 
a s'assurer de la disponibilite de programmes de 
depistage de bonne qualite. Bien que ce soit prin- 
cipalement la responsabilite de la femme de joindre un 
tel programme et de continuer a y participer, il est 
essentiel que des registres patron nes par les gou- 
vernements soient etablis si Ton veut que les possibi- 
lities des programmes d'examens cytologiques soient 
entierement realisees. 



CMA JOURNAL/OCTOBER 1, 1982/VOL. 127 $81 



The Task Force on Cervical Cancer Screening Pro- 
grams, set up in 1973 by the Conference of Deputy 
Ministers of Health, published its first report in 1976.' 
The task force was reconvened in 1980 by the Depart- 
ment of National Health and Welfare in response to the 
concerns of national and provincial associations, health 
professionals, and task force members about the signifi- 
cance of new data, changing sociosexual patterns and 
the wide variations in the implementation of the 1976 
recommendations. 

In 1976 the task force found evidence to support its 
conclusions that cervical screening, as done in Canada, 
had contributed to the declining mortality of carcinoma 
of the cervix. It recommended that health authorities 
support the development of cervical cancer screening 
programs and that all women be encouraged to partici- 
pate. Further recommendations pertained to quality 
control and efficiency in cytology laboratories, follow-up 
mechanisms, including provincial registries, and uniform 
terminology. Perhaps the most controversial conclusion 
of the task force was that most women do not need 
annual cervical smears. The task force was criticized for 
recommending that women who were not at high risk 
and whose initial two smears, and all subsequent 
smears, in a properly controlled screening program were 
satisfactory and without significant atypia should be 
examined only once every 3 years to age 35 and then 
once every 5 years to age 60. Its recommendations 
concerning the size of laboratories and the establish- 
ment of registries were also criticized. 2 

In a follow-up survey in 1980 it was found that the 
1976 report had stimulated an assessment of current 
patterns of practice internationally and across Canada; 2 
this was a prime motive of the deputy ministers in 
convening the task force. However, the ways in which 
the task force's recommendations have been implement- 
ed have varied widely from province to province depend- 
ing on finances, priorities and convictions. 2 Of particular 
concern is the fact that only Nova Scotia, Newfound- 
land and British Columbia have established the prov- 
ince-wide registries regarded by the task force as man- 
datory if the examination frequency is to be reduced; 

Since the 1976 report new data have provided fresh 
insights into such questions as What sociosexual pat- 
terns of female and male behaviour precede dysplasia? 
Which women are at risk? How can women at risk be 
more precisely classified? What data exist on "high- 
risk" males? What proportion of preinvasive cancerous 
lesions regresses? Does the rate of regression vary with 
age? Who should be responsible for prevention, promo- 
tion of cervical smears for women at risk who seek 
health care for other reasons, communication of relevant 
sociosexual knowledge and assurance that women follow 
appropriate screening schedules? What assessment has 
there been of the proficiency of existing screening 
programs? What mechanisms can ensure appropriate 
action following the discovery of cytologic abnormali- 
ties? To what degree does the lack of national consensus 
on diagnostic criteria, terminology and interpretation 
distort reported incidence rates and affect treatment? 
What is the role of colposcopy? How should cost- 
benefit and cost-effectiveness considerations contribute 
to decisions on screening programs? 
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Mandate of reconvened task force 

• To review the conclusions and recommendations of 
the 1976 report in the light of new data that might 
support or modify the conclusions on which the original 
recommendations were based. 

• To confirm or change the original conclusions and 
recommendations and to arrive at new conclusions and 
make new recommendation if appropriate. 

This article constitutes a summary of the task force's 
1982 consensus report. It is based on data from national 
and international literature and on data from published 
and unpublished Canadian documents* and reflects the 
responses to the 1976 report by the Canadian profes- 
sional community, as obtained through an informal 
surveyf done by the task force. The complete report is 
available from the Department of National Health and 
Welfare. 

In addition to updates of the 1976 material, the 1982 
report includes new chapters on groups at risk, mathe- 
matical models of screening, quality control in screening 
programs, cytologic screening of the Canadian popula- 
tion and management of patients with abnormal smears. 
Also, the 1982 report makes recommendations on the 
frequency of screening, laboratory quality control and 
follow-up mechanisms. Above all, the task force views 
as unnecessary the annual screening of women over 35 
years of age whose previous smears have been normal. If 
the frequency of examination in such women were 
reduced and resources deployed to concentrate on the 
women at risk who are not being screened, Canadian 
cervical cancer screening programs could become more 
effective. 

Cervical cancer 

Epidemiologic considerations 

Squamous cell carcinoma of the cervix almost always 
occurs in women who have been sexually active.' The 
most important risk factors are generally regarded as 
being early age at the time of first intercourse and 
multiple sexual partners. 1 Recently the role of the 
high-risk male in the transmission of an etiologic agent 
to his partner has been emphasized. 3 

Epidemiologic evidence now suggests that although 
infection with herpes simplex virus type 2 is not 
essential for cancer of the cervix, it may lead to a 
premalignant change in the cervical, epithelial cells in a 
large majority of cases. 1 In addition, recent studies 
suggest that cigarette smoking may play an etiologic 
role. 4 

Natural history 
The 1976 report suggested a somewhat longer natural 

* Mortality data from Statistics Canada (Causes of Death, cat no 
84-203) and unpublished tabulations of the British Columbia Central 
Cytology Registry; incidence data from Statistics Canada (Cancer in 
Canada, cat no 82-207) and the British Columbia Central Cytology 
Registry; screening coverage data from the Canadian Society of 
Cytology (unpublished data from a 1980 survey); and data relative to 
quality control in cytologic screening programs from the Ontario 
Laboratory Proficiency Testing Program (collected from 1977 to 
1981). 

tOf provincial medical associations, cancer foundations and institutes, 
and university departments of pathology, obstetrics and gynecology, 
and family and community medicine. 



history of carcinoma in situ than had been suspected 
previously, an interpretation based on an assumption of 
the progressive nature of the disease. 1 New data from a 
British Columbia cohort study indicate that sometimes 
carcinoma in situ, especially in younger women, re- 
gresses. 5 In addition, anecdotal evidence suggests that 
today a greater proportion of cases may be rapidly 
progressive, again especially in younger women. 6 

Efficacy of screening programs 

The reconvened task force has found that the rate of 
fall in the incidence of cervical cancer in all provinces 
that was reported in 1976 has slowed, at least in women 
under the age of 65. Were is not for the screening 
programs in Canada the registered incidence of invasive 
cancer might actually have risen. Further, a case-control 
study of patients in Ontario supports the effectiveness of 
the screening programs. 7 

Perhaps the most convincing evidence is the compari- 
son of the trends in incidence in Norway with those in 
Denmark, Sweden, Finland and Iceland Only in 
Norway, where a screening program has not been 
introduced, has there been no decrease in incidence. 

In accord with the report by Miller and colleagues 9 
the original task force concluded that cytologic screen- 
ing programs were becoming effective in reducing the 
mortality of carcinoma of the cervix; this reduction was 
directly related to the proportion of the population 
screened. 9 At that time mortality data were available 
only up to 1972. When the analysis was extended to 
1974-76 the correlation between changes in screening 
index and reductions in mortality disappeared. 10 It may 
be that once the screening index reaches a certain level 
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further increases lead only to a marginal reduction in 
mortality, reflecting repeat examinations of the same 
women rather than examinations of previously un- 
screened women, who are at highest risk. 

The trends in mortality for women aged 20 to 34, 35 
to 64 and 20 to 84 years (standardized for age but 
uncorrected for hysterectomies) in Canada from 1952 to 
1980 are shown in Fig. 1. Data for "malignant neoplasm 
of cervix uteri" and "other malignant neoplasms of the 
uterus" were Combined because of the decreasing pro- 
portions coded as "malignant neoplasm of the uterus, 
unspecified". Other data suggest that the contribution 
of cancer of the endometrium to the total rate of death 
from uterine cancer in women under the age of 65 years 
is very small and almost stable. It appears from Fig. 1 
that the decrease in mortality is continuing but may 
have slowed. 

Table I shows that the rates of death from cancer of 
the uterus (cancer of the cervix uteri, corpus uteri and 
uterus, unspecified, combined 11 ) of women aged 35 
to 64 years in each province for 1957-59, 1967-69 and 
1977-79 are still declining, with a continued east-west 
differential. Therefore, the task force concludes that 
squamous cell carcinoma of the cervix can be controlled 
by means of a cytologic screening program for the 
following reasons: 

• Invasive squamous cell carcinoma of the cervix is 
preceded by a spectrum of disease, extending over many 
years, that may be recognized at the stages of dysplasia 
and carcinoma in situ. 

• In a significant proportion of patients with severe 
dysplasia or carcinoma in situ the disease, if untreated, 
will develop into invasive squamous cell carcinoma. 

• Cytologic evidence of dysplasia and carcinoma in 
situ can be easily, safely and economically obtained by 
the preparation and examination of smears. 

• Once dysplasia or carcinoma in situ has been 
identified further progress of the disease can be prevent- 
ed by simple therapeutic procedures and continuing 
surveillance. 

Groups at risk 

The reconvened task force reinforces the view that, on 
the basis of epidemiologic and sociologic evidence, 
women can be classified into two groups according to 
their risk of cervical cancer. The group not at risk, 



FIG. 1 — Rates of death from cancer of the uterus, age-stand- 
ardized per 100 000 women, Canada 1952-80. 



Table \— Rates of death from cancer of the uterus * according to province 






Mortafityt 




Province 


1957-59 


1967-69 


1977-79 


British Columbia 


21.6 


14.7 


11.3 


Alberta 


20.2 


11.8 


9.4 | 


Saskatchewan 


12.3 


12.0 


7.9 


Manitoba 


21.5 


11.6 


9.3 


Ontario 


23.7 


17.2 


11.4 


Quebec 


33.0 


21.3 


11.0 


New Brunswick 


25.2 


21.8 


11.6 


Nova Scotia 


32.8 


25.8 


16.3 


Prince Edward Island 


28.8 


24.3 


19.7 


Newfoundland 


36.4 


23.5 


18.4 


•Includes cancer of the cervix uteri (CD 180), corpus uteri (CO 182.0) and 
uterus, unspecified (CO 182.9). 11 

t Age-standardized rates of death per 100 000 women aged 35 to 64 years. 
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which should not be included in a screening program, 
includes women who have never had sexual intercourse, 
those over 60 years of age for whom previous smears 
have always been negative, and those who have had a 
hysterectomy for benign disease (with adequate docu- 
mentation that all of the cervical epithelium was 
removed). The group at risk includes all other women. 

The 1976 task force report identified a subgroup of 
women at high risk: those who had had intercourse at an 
early age and those who had had multiple sexual 
partners. 1 The 1982 task force report considers that this 
subgroup probably also includes women whose husbands 
or other regular sexual partners have had multiple 
partners. Because it has become increasingly common 
for women and men to have more than one sexual 
partner, and because women up to age 35 are the most 
active sexually, many women born after 1945 will 
probably fall into the high-risk subgroup. 

There is as yet no evidence that the use of oral 
contraceptives alone increases the risk of cancer of the 
cervix. 

It cannot be emphasized too strongly that women who 
are found to have dysplasia or carcinoma in situ must be 
removed from the screening program and managed 
according to the severity of the lesion. 

The reconvened task force believes that information 
on the degree of risk of cancer of the cervix should be 
generally available — for example, in physicians' of- 
fices. Special attempts should continue to be made to 
screen women who are attending clinics for individuals 
with sexually transmitted diseases or who are admitted 
to penal institutions. 

Cytologic screening programs 

Mathematical models 

Mathematical models of cancer screening can be used 
in three ways: to numerically describe the impact of a 
particular disease in a defined population (modelling the 
natural history); to quantify the effect of screening on 
the natural history (detection of the disease or its 
precursors in asymptomatic individuals); and to deter- 



mine optimal screening schedules, with a criterion of 
desired effect (e.g., reduction in mortality or increase in 
numbers of potential years of life saved). 

It is difficult to summarize the results of the various 
models of cancer screening 1 *' 16 since assumptions made 
and the criteria used to determine optimal effect differ 
so much. However, it is possible to make some general 
conclusions. 

First, the models confirm what is intuitively obvious 
— namely, that there are diminishing returns with 
increasing frequency of screening in a given cohort of 
women. Second, in light of the diminishing returns, and 
from the point of view of public health, it is better to 
spend money on increasing the number of women being 
screened for the first time than on increasing the 
frequency of screening for women who have already 
been screened. Third, and again from the point of view 
of public health, establishing a policy in which screening 
is done on the basis of the current screening history of 
the target population is more beneficial than prescribing 
a lifetime schedule for all women. Obviously, this 
advantage can be gained only if screening programs are 
organized on a community basis. Fourth, improving the 
quality and sensitivity of screening programs will be 
more effective than increasing the frequency of screen- 
ing in reducing mortality. 

Screening schedules 

In both the 1976 and the 1982 reports the task force, 
in discussing screening schedules, considered onset of 
screening, frequency of screening and age when screen- 
ing is stopped. Internationally, there are many varia- 
tions in screening schedules. 17 * 20 For the 1982 report the 
task force re-examined optimum schedules largely from 
an assessment of mathematical models, particularly 
through the application of influences on natural history, 
derived from the British Columbia cohort study, 5 and 
recent Canadian trends in incidence and mortality, 
according to the model of Knox. 12 Full details of the 
simulations are given by Yu and associates, 21 and some 
of their results are shown in Table II. 



Table 0— Summary of results of computer simulation of 


screening 


programs* 
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per lifetime 
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Women at risk 
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3 and 5: 




55 


8 


9.4 


91 
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3 and 5: 




60 


10 


7.1 


93 




22 


3 and 5: 




65 


12 


6.4 


94 




20 


3 and 5! 
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93 
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12 


5.4 


95 




25 


land 21 


61 


22 
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Women at high risk 
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132.7 






25 


3 and 51 




60 


10 


28.6 


78 




20 


3 and 5! 
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60 
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11.0 


92 




20 
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53 
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9.2 


93 




25 


land 5f 
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16 
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98 
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99 
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24 


1.1 


99 


•Based on findings of Yu and associates. 21 
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Given the difficulties of identifying and classifying 
women at high risk, the probability that many young 
women are now at high risk, the natural history of the 
disease and the need to provide consistent recommenda- 
tions for all age groups, the reconvened task force 
interprets the results of mathematical modelling as 
reinforcing the general validity of the 1976 recommen- 
dations. In general, Canadian women aged 35 years or 
more have now entered screening programs and should 
require screening no more than once every 5 years. 
Since younger women are more sexually active and tend 
to have more than one partner they are at high risk; 
therefore, annual screening is justifiable until age 35. 
The specific changes proposed to the 1976 recommenda- 
tions are therefore: 

• No attempt should be made to categorize women 
at high risk on a group basis. 

• Women who have had sexual intercourse should 
generally be advised to be screened annually between 18 
and 35 years of age. 

• Women over the age of 35 years who are consid- 
ered at high risk, by their contact with venereal disease 
clinics or penal institutions or by their own judgement 
or that of their physicians, should not be discouraged 
from having smears more than once every 5 years if 
they request them. 

However, the recommendation of the 1976 report — 
that women over the age of 35 years should, in general, 
be advised that they should be screened every 5 years — 
still holds. 

It should again be emphasized that these recommen- 
dations on screening frequency over the age of 35 are 
based on the availability of an appropriate registry 
mechanism by which surveillance can be maintained to 
ensure that the recommendations on frequency are not 
translated into less frequent screening by default. Fur- 
ther, they require that physicians or others who know 
how to take adequate smears be available and that 
skilled cytology assessment be done in laboratories with 
adequate quality control programs. The recommenda- 
tions apply only to women whose smears are repeatedly 
negative for epithelial atypia. Whenever changes are 
detected on a cervical smear repeat examinations should 
be dictated by the requirements for surveillance, diagno- 
sis, treatment and adequate follow-up of the abnormali- 
ties identified. 



Table HI— Extent of cervical screening performed in Canada in 1971, 1975, 1977 
and 1979 



No. of screens per 100 women 
aged 20 years or more* 



Province 


1971 


1975 


1977 


1979 


British Columbia 


55 


61 


55 


57 


Alberta 


40 


48 


47 


48 


Saskatchewan 


41 


47 


48 


47 


Manitoba 


46 


51 


50 


48 


Ontario 


39 


45 


44 


44 


Quebec 


29 


42 


43 


45 


New Brunswick 


22 


41 


37 


40 


Nova Scotia 


37 


35 


45 


46 


Prince Edward Island 


28 


37 


41 


44 


Newfoundland 


36 


43 


42 


44 


Canada 


38 


45 


45 


46 


•Not to be equated wil 


th the number of woi 


nen screened. 







The malignant diseases that most frequently affect 
women in Canada — cancer of the breast, large bowel, 
ovary, lung and endometrium — occur in women who 
are 20 to 30 years older than those to whom screening 
programs for carcinoma of the cervix and its precursors 
should be directed. Thus, although opportunities created 
by screening or medical examinations for these diseases 
should be used for taking cervical smears that are due to 
be taken, the frequency of cervical smears should not be 
affected by these opportunities. 

Measures to improve the quality and sensitivity of 
screening programs and to include women who have 
never been screened will be more effective than attempts 
to increase the frequency of screening in reducing 
the mortality of carcinoma of the cervix. 

A cytologic screening program will be most effective 

if: 

• Smears are obtained by medical or specially 
trained paramedical personnel. 

• Smears are correctly identified and accompanied 
by the information required by the program. 

• Smears are screened for abnormalities by qualified 
and experienced cytotechnologists under the supervision 
of cytopathologists. 

• Suitable quality control is exercised in the labora- 
tory. 

• Precise terminology is used. 

• Results of the examinations are reported to the 
patient's physician or other person responsible for the 
patient's health care. 

• Follow-up mechanisms exist to ensure appropriate 
action. 

Screening of the Canadian population 

Table III shows the cytologic screening coverage in 
Canada of women aged 20 years and over for 1971, 
1975, 1977 and 1979; only data for 1971 were included 
in the 1976 report. The figures are based on the number 
of cytologic examinations (not the number of women 
screened) in each province, as determined in a recent 
survey by the Canadian Society of Cytology (unpub- 
lished data, 1980). There was a significant increase in 
Quebec and the Atlantic provinces in the number of 
examinations performed up to the mid-70s. By 1979 the 
proportions were remarkably uniform across Canada, 
although the proportion in British Columbia was still 
higher. 

Quality control 

Although little has been done in Canada to develop 
quality control programs for cytologic testing, the 
Laboratory Proficiency Testing Program in Ontario has 
accumulated data from 1977 to 1981 on the diagnostic 
accuracy of testing of all cytology laboratories (Table 
IV). Further analysis of the data, not displayed here, 
indicates that proficiency varies considerably between 
laboratories handling similar annual numbers of cases. 
The findings have been made available to the laborator- 
ies, and appropriate educational programs have been 
started. 
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There are several links in the chain of cytologic 
screening: 

Avoidance of false-negative reports on cervicovaginal 
smears: Detailed information is provided in the full 
1982 task force report under the following categories of 
causes of such report: 

• Error in documentation of smear. 

• Inadequate or improper sampling of a lesion. 

• Presence of interfering substances. 

• Technical problems in processing. 

• Errors in screening and reporting. 

Adequate cervicovaginal smears: Over the past 20 
years there has been much controversy concerning the 
most satisfactory technique for sampling the cervix and 
the criteria by which a cytologic sample should be 
categorized as adequate or inadequate. Within the 
spectrum of cervical dysplasias and cancers the lesions 
differ in such features as cell type, location, area of 
onset of invasion, modification by keratinization, occur- 
rence either within or separate from condylomatous 
lesions, overall extent and tendency to be focal or 
multifocal. In view of these variables and the fact that 
much of the yield of screening in recent years has been 
cases of mild or moderate dysplasia, in which the 
abnormality is usually small or localized, it is important 
that the direct cervical sample be circumferential. It 
should be adjusted when necessary to accommodate any 
grossly evident variation in the location of the original 
squamous columnar junction or in the extent of the 
transformation zone. 

Proposed reporting terminology: Recognizing the 
need for more uniform terminology in reporting the 
results of cervical cytologic examinations the 1976 
report recommended a standard nomenclature, which is 
reproduced in the 1982 report with two important 
additions: "atypical metaplasia' 9 and "condyloma ef- 
fect" have been added to the category "abnormal cells 
consistent with benign atypia (nondysplastic)" as a 
result of the advances in our understanding of cytologic 
abnormalities over the past few years. Further, the 
terms recommended for "abnormal cells consistent with 
dysplasia" are "mild dysplasia", "moderate dysplasia" 



and "severe dysplasia". The task force prefers this 
terminology to the alternative CIN (cervical intraepi- 
thelial neoplasia) terminology. 

Population registries 

The 1976 report recommended that provincial regis- 
tries be established to record data and institute the 
following recommendations: 

That normal patients are recalled at regular intervals for 
repeat smears according to the guidelines of the program. 

That long-term follow-up be provided for patients who have 
received treatment following the diagnosis of an abnormality. 

Such a system can only be effected through a centralized 
registry. In Canada, provincial registries should establish 
uniform data-processing systems so that interprovincial com- 
munication and comparisons will be possible. 

Perhaps those who considered the 1976 recommenda- 
tions failed to recognize that they were an integral and 
complete package and that the recommendations on 
frequency should not be considered in isolation. Only in 
Nova Scotia has a provincial registry been established 
since the 1976 report, although registries had been 
established in Newfoundland and British Columbia 
before 1976. In Quebec two large laboratories (one in 
Montreal and one in Quebec City) have established 
registries, but they are not large enough to include the 
total population of the province and do not have the 
resources to carry out all the other recommendations. A 
provincial cytology register in Manitoba, which was not 
carrying out the functions intended by the task force, 
has even been abolished since 1976. 2 

As with all preventive medicine programs it is neces- 
sary to consider who is responsible for ensuring that 
women enter cervical screening programs and have 
cervical smears taken at the recommended intervals. 
The reconvened task force believes it is primarily the 
responsibility of the women. However, physicians, other 
health care professionals and government public health 
agencies have a role to play in educating women. 



Table W-Data from Ontario Laboratory Proficiency Testing Program for gynecologic cytology, 1977-81* 



No. of laboratory diagnoses reported on test slides 



Degree of deviation from committee diagnosis 



Committee diagnosis 


Undercali 


0 




Overcall 




None 


Total 


ib or uooraiory diagnoses 
that deviated significantlyt 


*3 


2 


1 


1 


2 


*3 


Undercali 


Overcall 


Total 


No abnormal cells 


NA 


NA 


34 


511 


112 


12 


4 


4 


677 


NA 


2.4 


2.4 


Benign atypia 


NA 


NA 


173 


913 


96 


11 


4. 


. 5 


1202 


NA 


1.2 


1.2 


mug oyspiasia 


NA 


39 


119 


133 


27 


1 


1 


2 


322 


12.1 


0.6 


12.7 


Mooeran oysptasia 


8 


58 


96 


102 


48 


26 


NA 


1 


339 


19.5 


7.7 


27.2 


Severe dysplasia 


31 


27 


57 


54 


52 


5 


NA 


0 


226 


25.7 


2.2 


27.9 


Malignant squamous cells 


56 


35 


91 


300 


14* 


NA 


NA 


0 


496 


18.3 


NA 


18.3 



nesting was carried out by circulation of chosen test slides to all 160 laboratories processing gynecologic cytology specimens. These data are a cumulation from the first 
four complete surveys. NA ° not 

1UI„ , _A Inn.t » Jiiiimm it'll, in ill 

TVt ere at nasi two degrees onterent 
$An additional type of malignant 
cells). 



t from the committee diagnosis. 

f was recorded by the laboratory but not categorized as such by the committee (e.g., sarcoma cells in addition to malignant 
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Primary care physicians could set up reminder mecha- 
nisms for their female patients who fail to return for a 
smear. It has been suggested that the licensing regula- 
tions in some provinces are interpreted to mean that 
physicians are not permitted to invite women to return 
for repeat smears if previous smears were negative. The 
task force therefore recommends that provincial licens- 
ing bodies should ensure that their medical acts and 
regulations are amended, if necessary, to permit physi- 
cians to remind their patients that the time has come for 
them to have a repeat cervical cytology examination — 
or, indeed, any other recognized preventive medical 
procedure. 

It has also been suggested that provincial registries 
with a follow-up function would be expensive and 
difficult to run and might be regarded as an invasion of 
privacy. The task force rejects such arguments. Modern 
computer technology enables them to be run economi- 
cally; in fact, such registries have already been used 
elsewhere to ensure adequate compliance with vaccina- 
tion schedules in children. 22 

Given the fallibility of the human memory and the 
mobility of the Canadian population, the task force 
believes that government-sponsored registries are essen- 
tial if the full potential of cervical screening programs is 
to be realized. It is not for the task force to determine 
how a cytology registry might be established in any 
province. This will depend on existing resources and 
personnel. However, the registries could be linked with 
provincial or regional cytology laboratories, provincial 
cancer registries or existing record systems of provincial 
medical insurance schemes. Once again, these recom- 
mendations should not be lost by default. 

Relation to other screening programs 

Several critics of the 1976 recommendations felt that 
whatever the merits of an annual cervical examination, 
women should be encouraged to see their physicians at 
least once a year to be examined for other conditions. 
However, the task force concluded that the frequency of 
cervical cytologic screening should be determined on its 
own merits and not with a view to conducting an annual 
examination for other purposes. On the other hand, 
when more than one examination is indicated it should 
be coordinated with the other and with other necessary 
visits to the physician's office or public health clinic. 

Management of patients with abnormal cervical smears 

The 1976 report mentioned the developing role of 
colposcopy in assessing patients with abnormal cervical 
smears. Since then its role has become more clearly 
defined. While cytologic screening detects preclinical 
cervical dysplasia or neoplasia, colposcopic examination 
evaluates the cervix with abnormal cells and enables the 
colposcopist to select the site for biopsy, which usually 
permits a determination of whether invasive cervical 
cancer is present. 23 Colposcopy is particularly valuable 
for assessing cervical abnormalities in young women. 
With an adequate biopsy it avoids not only the inherent 
morbidity of cone biopsy and the hospital stay required, 
but also the potential adverse effects of cone biopsies on 
reproductive function. 24 - 25 Such biopsies can now be 
limited to patients in whom colposcopic examination is 



unsatisfactory, those in whom colposcopically directed 
biopsies, performed to rule out more advanced disease, 
have identified "microinvasion", and those who continue 
to show significant abnormal findings, the source of 
which cannot be identified colposcopically. 23 - 26 - 27 

Women whose cervical smears suggest moderate to 
marked dysplasia, carcinoma in situ or invasive disease 
should undergo colposcopic examination. Women whose 
smears show mild dysplasia should have the smear 
repeated every 2 or 3 months, and if the dysplasia 
persists they should undergo colposcopic examination 
since significant dysplasia or carcinoma in situ is not 
uncommonly found in specimens obtained by colpo- 
scopically directed biopsy in such patients. 

There is disagreement as to what constitutes proper 
management of patients with cervical dysplasia or 
carcinoma in situ. In general, when mild or moderate 
dysplasia is found by colposcopic examination and the 
limits of the lesions have been identified the patient may 
be treated by conservative measures such as electrocaut- 
erization or cryotherapy. Severe dysplasia and carci- 
noma in situ may be managed conservatively in selected 
patients, 28,29 or by therapeutic conization or hysterecto- 
my. 30 Treatment will depend on the size and location of 
the lesion, the patient's age, parity and reliability for 
follow-up, and other medical and gynecologic considera- 
tions. 

When microinvasive carcinoma is diagnosed colpo- 
scopically a diagnostic cone biopsy should be done to 
rule out more advanced disease. There is no standard 
pathologic definition as to what constitutes microinva- 
sive carcinoma (stage la). However, a simple hysterec- 
tomy is generally considered an adequate form of 
treatment. 31 - 32 Occult preclinical invasive carcinoma 
(stage lb) is treated either by irradiation or by radical 
hysterectomy and pelvic lymphadenectomy, depending 
on the clinical findings, the patient's age and the 
treatment policy of the centre. 

It is clear that colposcopy offers a degree of flexibility 
in the evaluation and management of patients with 
preclinical cervical neoplasia that is not available with 
diagnostic conization. It is crucial, however, that early 
invasive carcinoma of the cervix not be missed by 
colposcopic assessment, since this would lead to inappro- 
priate conservative therapy. 33,34 Colposcopy imposes a 
great responsibility on the colposcopist to accurately 
evaluate the cervix with abnormal cells. 

Recommendations 

The recommendations* of the task force should be 
taken as a whole. It is inappropriate to establish the 
recommended screening frequencies as formal policy in 
the absence of established systems to monitor the 
frequencies and to issue reminders to attend at the 
recommended intervals in the absence of proper quality 
control systems. 

On the basis of its conclusions the task force recom- 
mends the following: 

I. Health authorities should encourage and support 
the development of cytologic screening programs de- 

*Some of the following recommendations are unchanged from the 
1976 report; therefore, readers are referred to that report for the 
rationales. 
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signed to detect the precursors of clinical invasive 
carcinoma of the cervix. 

II. Women who have had sexual intercourse should 
generally be advised to have screening annually between 
the ages of 18 and 35 years and thereafter every 5 years 
until age 60. 

III. Women over the age of 60 who have had repeated 
satisfactory smears without significant atypia may be 
dropped from a screening program for squamous cell 
carcinoma of the cervix. 

IV. High priority should be given to encouraging 
women at risk who have never had a cervical cytology 
examination to have one and to enter a screening 
program. 

V. The recommended screening frequencies apply 
only to women whose smears show no epithelial cell 
atypia. Once such changes are detected schedules for 
repeat examinations should be dictated by the require- 
ments for surveillance, diagnosis, treatment and follow- 
up. 

VI. Appropriate means should be employed to inform 
women of their degree of risk of carcinoma of the 
cervix. However, no attempt should be made to catego- 
rize women at high risk on a group basis. 

VII. Women over 35 years of age whose contact with 
the health care system is through venereal disease 
clinics or penal institutions and who, in their own 
judgement or that of their physicians, are at high risk 
should not be discouraged from having smears more 
frequently than every 5 years if they request them. 

VIII. Provincial mechanisms that establish young 
women's independent responsibility for health insurance 
purposes (usually at or about the age of 19 years) 
should be used to remind women that if they are 
sexually active they should have a cervical smear if they 
have not already done so. 

IX. Individual screening examinations for various 
diseases should be promoted on their own merits and 
performed at the most cost-effective frequency. When 
two or more screening examinations are being offered, 
each on its own merits, to the same population group 
cost-effectiveness considerations may require a change 
in timing for some of them. 

X. Colposcopy examination should not be used as a 
screening method: it is an important diagnostic tool for 
localizing and assessing premalignant disease and early 
invasive carcinoma of the cervix in women with abnor- 
mal cervical smears. Colposcopy should be performed 
only by gynecologists with adequate training and experi- 
ence in the technique. They should work in a clinical 
setting that provides a continuing source of abnormal 
material so that their expertise can be maintained and 
enhanced. 

XI. To function most efficiently within a mass 
screening program a laboratory should process a suffi- 
cient number of cases* annually to require staffing by a 
minimum of three qualified and experienced cytotech- 
nologists, supervised by a cytopathologist, and adequate 
clerical and technical support staff. 

•Although in the 1976 report 25 000 smears was considered a 
"sufficient number" (on the basis of efficiency, not proficiency), this 
number is deleted in the 1982 report. Disagreement with the deletion 
was registered by one task force member, Dr. A.B. Miller. 



XII. The jurisdictions responsible for such screening 
programs should ensure that appropriate mechanisms 
for quality control have been established and are 
functioning satisfactorily. 

XIII. Uniform terminology, such as that recommend- 
ed in this report, should be used for reporting smears 
and biopsies and for recording data in cancer registries 
so as to assist in the exchange of information from one 
laboratory to another and to ensure that the various 
provincial registries are provided with data that are 
reported in a uniform manner. 

XIV. All mass screening programs should have fol- 
low-up systems to ensure that: 

(a) People with normal test results are recalled at 
regular intervals for repeat testing according to the 
guidelines of the program. 

(b) Action is taken following the discovery of an 
abnormality. 

(c) Long-term follow-up is provided for patients 
who have received treatment following the diagnosis 
of an abnormality. 

Such a system can only be effected through a central 
registry. Provincial registries should establish compati- 
ble data-processing systems so that interprovincial com- 
munication and comparisons will be possible. 

XV. Provincial licensing bodies should ensure that 
provincial medical acts and regulations permit physi- 
cians to remind their patients when it is time for repeat 
cervical cytology examinations — or, indeed, any other 
recognized preventive medical procedure. 

XVI. Departments and ministers of health should 
consult with the appropriate bodies in their jurisdictions 
with a view to selecting the best mechanisms to establish 
functional registries of all cervical cytology examina- 
tions as soon as possible. 

XVII. The deputy minister of national health and 
welfare should make available the resources of the 
Department of National Health and Welfare to coordi- 
nate the establishment of provincial cervical cytology 
registries and thus facilitate the exchange of data and 
the transfer of records when women move from one 
province or region to another. 

We thank Dr. Eve Shulman, epidemiologist, health assessment 
division, health services and promotion branch, Department of 
National Health and Welfare for her resource assistance. 
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Abstract 



Blood genomic profiling has been applied to disorders of the blood and various organ systems including brain to elucidate disease mechanisms 
and identify surrogate disease markers. Since most studies have not examined specific cell types, we performed a preliminary genomic survey of 
major blood cell types from normal individuals using microarrays. CD4* T cells, CD8* T cells, CD19 + B cells, CD56* natural killer cells, and 
CD 14"'' monocytes were negatively selected using the RosetteSep antibody cocktail, while polymorphonuclear leukocytes were separated with 
density gradient media. Genes differentially expressed by each cell type were identified. To demonstrate the potential use of such cell subtype- 
specific genomic expression data, a number of the major genes previously reported to be regulated in ischemic stroke, migraine, and Tourette 
syndrome are shown to be associated with distinct cell populations in blood. These specific gene expression, cell-type- related profiles will need to 
be confirmed in larger data sets and could be used to study these and many other neurological diseases. 
© 2006 Elsevier Inc. All rights reserved. 
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Gene expression profiling of peripheral blood using 
microarrays has been applied to malignant and immune 
disorders, including leukemia, lymphoma, systemic lupus 
erythematosis, rheumatoid arthritis, and many others [1-4]. 
This approach has helped identify important diagnostic and 
prognostic markers as well as potential therapeutic targets. 
This approach has also been extended to many diseases of 
other organ systems. It is likely that many inflammatory, 
autoimmune, and genetic factors could affect gene expression 
of peripheral blood cells without causing overt changes to 
hematological and immunological phenotypes. Proof-of-prin- 



* Corresponding author. MIND Institute, University of California at Davis, 
2805 50th Street, Sacramento, CA 95817, USA. Fax: +1 916 703 0369. 
E-mail address: frank. sharp@ucdmc. ucdavis.edu (F.R. Sharp). 



ciple blood genomic studies have been performed in animals 
[5] and humans [6,7]. Subsequent studies have demonstrated 
characteristic blood genomic patterns for acute ischemic stroke 
[8], migraine headache [9], Tourette syndrome [10], renal cell 
carcinoma [11], multiple sclerosis [12], benzene exposure 
[13], trauma [14], and neurogenetic disorders including 
neurofibromatosis type I, tuberous sclerosis type II, Down 
syndrome [7,15], and Huntington chorea [16]. The study of 
blood gene expression profiles appears to be a promising 
approach that may provide' mechanistic insights and surrogate 
markers for many diseases. 

Several blood RNA isolation methods have been used to 
date. These include methods starting with whole blood, 
mononuclear cells, and buffy coat [6,7,11,14,17,18]. How- 
ever, the RNA isolated using these methods comes from 
various blood cell subsets that originate from different 
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developmental lineages, perform separate and distinct bio- 
logical functions, and, most likely, have very different geno- 
mic expression signatures. It has been recognized that age 
and gender and the different composition of blood cells from 
each individual represent a major source of normal variation 
of blood gene expression [6,7]. In addition, a disease may 
predominantly affect one specific blood cell subtype while 
sparing others. Therefore, characterizing the contribution of 
every blood cell subtype to the overall blood genomic pattern 
may be essential to distinguish significant genomic changes 
from noise, interpret the disease-related patterns, and decide on 
the proper blood cell types to perform follow-up confirmatory 
analyses. 

Expression profiles of blood cells such as T lymphocytes 
[14,19] and platelets [18.20] have been described. However, 
studies that compare directly the whole genomic expression 
profiles of several major blood cell subtypes have not been 
performed in detail. In this study, we attempted to build a 
preliminary gene expression database by comparing major 
leukocyte subsets from three healthy donors, including 
polymorphonuclear cells (PM1M), monocytes, B cells, CD4 + T 
cells, CD8 + cytotoxic T cells, and natural killer (NK) cells to 
determine whether there is likely to be a unique expression 
signature of each cell type. To demonstrate the utility of these 
expression signatures, we applied these data to the whole blood 
genomic profiles of several neurological diseases that we have 
studied previously, including acute ischemic stroke [8], 
migraine [9], and Tourette syndrome [10], to demonstrate that 
the blood genomic signatures of each of these conditions can be 
ascribed to certain blood cell subtypes being affected by each 
disease. Future studies likely could determine not only whether 
hematological and systemic diseases affect gene expression in 
specific subsets of blood cells, but also whether the diseases 
affect specific signaling pathways in specific subsets of cells in 
blood. 

Results 

Qualitative analysis 

The numbers of "present" and "unique" genes for each cell 
type are listed in Table 1. Of the 54,675 genes, higher 
percentages of the genes are expressed (present) by lympho- 
cytes, including B (36.6%), CD4 (36.4%), CD8 (35.3%), and 
NK cells (36.2%), than by monocytes/platelets (31.9%) and 
PMNs (24.0%). However, there are higher percentages of 
unique genes for PMNs (1 .2%) and monocytes/platelets (0.9%) 
than for lymphocytes (0-0.6%) (Table 1). Among the 
lymphocytes, B cells have the highest number of characteristic 
genes, while unique transcripts for T cells are relatively scarce 
due to the largely similar profiles for T cell subsets CD4* and 
CD8 + and the profiles for NIC cells. 

Quantitative analysis 

Among 54,675 genes (probe sets) on the array, a total of 
2635 are differentially expressed between the blood cell types 



Tabic l 

Results of the qualitative analysis 



Cell type Number of Percentage of Number of Percentage of 

present probe present probe unique probe unique probe 
sets sets sets sets 



PMN 


13,139 


24.0% 


155 


1.2% 


GDI 4* monocyte 


17,426 


31.9% 


152 


0.9% 


or platelet 










CDir Bcell 


20,009 


36.6% 


120 


0.6% 


CD4"Tcell 


19,909 


36.4% 


24 


0.1% 


CD8 ' T cell 


19,321 


. 35.3% 


8 


0.0% 


CD5<f NIC cell 


19,777 


36.2% 


42 


0.2% 



A total of 54,675 probe sets that examined approximately 39,500 genes were 
surveyed on each array. "Present" probe sets include probe sets that have 3 
present detection calls for a specific cell type regardless of the calls for other cell 
types. "Unique" probe sets include probe sets that have 3 present calls for a cell 
type and 1 5 absent calls for every other cell type. 



(parametric analysis of variance (ANOVA), p < 0.05 with 
Bonferroni correction), among which 269 are significant 
using a Student-Newman-Keuls post hoc test. For practical 
reasons, we focused on the 269-probe set list since it should 
contain the most characteristic genes and potentially contain 
genomic expression markers for each cell lineage. These 269 
genes/probe sets were mathematically separated into nine 
clusters of relatively unique expression profiles using a 
hierarchical algorithm [25] as demonstrated in Fig. 1. The 
pattern of expression of each gene in each cluster and the fold 
changes of the genes are shown in separate panels on the 
right side of Fig. 1 . In general the fold changes varied as 
much as 10- to 100-fold. The genes in each cluster are listed 
in Table 2. The left side of Fig. 1 not only shows the gene 
expression (y axis) for different blood cell types (x axis), but 
also shows the gene expression of the three individuals 
performed for each cell type. Note that the expression levels 
(red — fivefold increase; bright green — fivefold decrease) for 
each individual are extremely reproducible between cell types 
and between genes. This indicates that the microarray 
technological variables have a minimal effect upon the 
expression profiles shown in Fig. 1 and indicate that our 
criteria for selecting genes for each cell type are stringent and 
not significantly affected by individual differences at least in 
this preliminary study. 

Cellular origin of blood genes regulated by neurological 
diseases 

Fig. 2 represents a melding of the data from the current 
study with that from our previous disease-specific studies. The 
genes that were most highly regulated in ischemic stroke [8], 
Tourette syndrome [10], and migraine [9] were selected and 
the cell-specific expression of each of those genes (from the 
present study) is shown. As demonstrated in Fig. 2, the major 
genes up-regulated in whole blood after stroke were expressed 
mainly by PMNs and monocytes/platelets. The major genes 
up-regulated by Tourette syndrome were mostly from NK cells 
and/or CD8 + T cells. The major genes up-regulated by 
migraine were predominantly from platelets/monocytes, 
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Fig. 1. A total of 269 genes that are differentially expressed between blood cell types (parametric one-way ANOVA followed by Student-Newman-Kculs post hoc 
test,;? < 0.05, with Bonferroni multiple comparison correction) were subjected to a hierarchical cluster algorithm with Pearson correlation as a measure of similarity. 
(Left) Clusters of genes (nine clusters) with similar expression patterns are displayed from top to bottom (y axis), while cell types are displayed from left to right along 
the .t axis. For each cell type the results of the three different individuals are shown adjacent to one another. The relative expression of each gene is color coded; red 
shows a fivefold increase and green shows a fivefold decrease. (Right, 1-9) Line graphs of genes segregated in the cluster analysis are shown for each of the nine 
clusters identified on the left. The* axis shows the cell types and they axis shows the relative expression values (log scale) as mean -1 standard deviation (tog ratio). 



though there were some regulated genes from PMNs, CD4"\ 
CD8\ and NK cells. 

Discussion 

This study surveyed the global expression profiles of six 
major subtypes of blood cells. These data support previous 
studies showing that T cells and even platelets have genes that 
are expressed in common, but also have genes that are fairly 
specific for each cell type and, perhaps more importantly, have 
different families of genes that tend to be expressed in a specific 
cell type compared to another cell type [14,18-20]. Character- 
ization of these profiles should help elucidate the molecular and 
genomic basis of the development, differentiation, and function 
for each cell type. 

Genes in cluster 1 are highly enriched in a monocyte/platelet 
population compared to other cell types. The recent literature 
shows that many genes from this cluster, such as CLU, GP1BB, 
PF4V1, and others (Table 2), are specifically expressed by 
platelets [18,20]. Cluster 2 represents genes enriched in PMNs 
and monocytes, while genes in cluster 3 are expressed 
exclusively by PMNs. Many genes in these two clusters play 
crucial roles in innate immunity. These include receptor 



molecules such as TREM1 [26], FPRL1 [27], and TLR2 [28], 
which are involved in microbial recognition and lead to 
phagocyte activation and the amplification of the inflammatory 
response. There are effector molecules such as MMP9 [29]; 
S100 proteins P, A9, and A12 [30]; and neutrophil cytosolic 
factors 1, 2, and 4, which participate in the neutralization of and 
aid clearance of microorganisms and foreign materials, and 
scavenger molecules such as 1L1R2 [31] and TNFRSF10 [32] 
that help suppress excessive and harmful innate immune 
responses. In comparison, genes down-regulated in PMNs 
(cluster 5) did not provide many functional insights. The low 
expression of several ribosomal proteins and transcription 
elongation factor in this cluster may indicate a slower rate of 
protein translation in PMNs and is consistent with somewhat 
fewer RNA transcripts in this cell type (Table 1). 

Several molecules expressed by B cells (cluster 4) serve 
important central roles in B cell development, proliferation, and 
differentiation, such as MS4A1 [33], BLNK [34], and BANK1 
[35]. Other molecules, including immunoglobulins and HLA 
antigens, important for normal B cell functions, were also 
expressed (Table 2). While there are a few common genes 
between NK cells and T cells, most notably T cell receptor 
subunits and lymphocyte-specific tyrosine kinase (LCK) 
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Table 2 



Tabic 2 (continued) 



the quantitative analysis 




Common 


GenBank 


Description 


Common 


GenBank 


Description 


Cluster 1 SDPR 


NM_004657 


Serum deprivation response 


al/3GTP 


AI972498 


Clone IMAGE:4812754, 






(phosphatidylserine 






mRNA 






binding protein) 


ACRBP 


AB051833 


Acrosin-binding protein 


SDPR 


BF982174 


Serum deprivation response 


ARHGAP6 


NM_001174 


Rho GTPase-activating 






(phosphatidylserine 






protein 6 






binding protein) 


C21orf7 


NM.020152 


Chromosome 2 ! open 


SPARC 


NM_003118 


Secreted protein, acidic, 






reading frame 7 






cysteine-rich (osteonectin) 


CA2 


M36532 


Carbonic anhydrase 11 


THBS1 


BF055462 


Thrombospondin 1 


CD 163 


NM>004244 


CD 163 antigen 


TREML1 


AF534823 


Triggering receptor 


CD36 


NM_000072 


CD36 antigen 






expressed on myeloid 






(collagen type I receptor. 






cells-like 1 






thrombospondin receptor) 


TUBB1 


NM_030773 


Tubulin, [*1 


CD9 


NM_001769 


CD9 antigen (p24) 


Cluster 2 ANXA3 


M63310 


Annex in A3 


CLEC2 


NM_016509 


C-type lectin-like 


APOBEC3A 


U03891 


Apolipoprotein B mRNA 






receptor-2 






editing enzyme, catalytic 


CLU 


M25915 


Clusterin 






polypeptide-like 3A 


CSPG2 


BF590263 


Chondroitin sulfate 


AQP9 


NM-020980 


Aquaporin 9 






proteoglycan 2 (versican) 


BASPl 


NM_006317 


Brain abundant, 


CXCL5 


AK026546 


Chemokine (C-X-C motiQ 






membrane attached 






Hgand 5 






signal protein 1 


CYP1BI 


NM_0001O4 


Cytochrome P450, 


CD14 


NM.000591 


CD 14 antigen 






family 1, subfamily B, 


CLECSF12 


AF400600 


C-type (calcium-dependent, 






polypeptide 1 






carbohydrate-recognition 


ELOVL7 


AW1 38767 


Hypothetical protein 






domain) lectin, 






FU23563 






superfamily member 12 


EMS1 


NM-005231 


EMS1 sequence 


CLECSF9 


BC000715 


C-type (calcium-dependent, 






(mammary tumor and 






carbohydrate-recognition 






squamous cell 






domain) lectin, 






carcinoma-associated 






superfamily member 9 






(p8G785 Src substrate) 


CREB5 


AI689210 


cAMP-responsive 


F13A1 


NM_000129 


Coagulation factor XIII, 






element binding protein 5 






Al polypeptide 


CSF3R 


NM_000760 


Colony-stimulating 


FSTL1 


BC000055 


Follistatin-like 1 






factor 3 receptor 


GNG1 1 


NM_004126 


Guanine nucleotide 






(granulocyte) 






binding protein 


DKFZP434B044 


AL 136861 


Hypothetical 






(G protein), 7 11 






protein DKFZp434B044 


GP1BB 


NM_0004O7 


Glycoprotein lb 


DKFZp434H2111 


AK026776 


Hypothetical 






(platelet), {*> polypeptide 






protein DKFZp434H21 11 


HIST1H3H 


NM>003536 


Histone 1, H3h 


FCGR2A 


NM.021642 


Fc fragment of IgG, 


1TGB3 


M35999 


Integrin, f^3 






low affinity lla. receptor 






(platelet glycoprotein Ilia, 






for (CD32) 






antigen CD61) 


FU20273 


NM_0 19027 


RNA-binding protein 


KJAA0626 


NM_021647 




FU23091 


AL534095 


Putative NF-kB 


MS4A6A 


NM_022349 


Membrane-spanning 






activating protein 373 






4-domains, subfamily A, 


FU23091 


AA775681 


Putative NF-kB 






member 6A 






activating protein 373 


MYLK 


AA526844 


MSTP083 mRNA, 


FU23153 


AA65028I 


Likely ortholog of 






complete cds 






mouse tumor 


PF4 


NM-002619 


Platelet factor 4 






necrosis-a-induced 






(chemokine (C-X-C motif) 






adipose-related protein 






ligand 4) 


FOS 


BC004490 


v-Fos FBJ murine 


rrtv l 




Platelet factor 4 variant 1 






osteosarcoma viral 


PPBP 


R64130 


Proplatelet basic protein 






oncogene homolog 






(chemokine (C-X-C motif) 


FPR1 


NM_002029 


Formyl peptide 






ligand 7) 






receptor 1 


PRKAR2B 


NM-002736 


Protein kinase, 


GALNAC4S-6ST 


NNLO 14863 








cAMP-dependent, 


GPR86 


NM_023914 


G-protcin-coiipled 






regulatory, type II, p 






receptor 86 


PROS1 


NM_000313 


Protein S (a) 


HIST2H2BE 


NM_003528 


Histone 2, H2be 


PTGS1 


S36219 


Prostaglandin-en doperox i de 


HSPC159 


AK025603 


HSPC159 protein 






synthase 1 (prostaglandin 


IL13RA1 


NlvL.001560 


Interleukin 1 3 receptor, ot 1 






G/H synthase and 


IL1RN 


U65590 








cyclooxygenase) 


MNDA 


NlvU)02432 


Myeloid cell nuclear 


RIN2 


AL136924 


Ras and Rab interactor 2 






differentiation antigen 
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Common 


GenBank 


Description 




Common 


OenBank 


Description 


NCFI 


NM_000265 


Neutrophil cytosolic 


Cluster 3 


GPR109B 


NM_006018 


Putative chemokine receptor 






factor 1 (47 kDa, 




HAL 


NM_002108 


Histidine ammonia- lyase 






chronic granulomatous 




IL1R2 


U64094 


Human soluble type II 






disease, autosomal 1) 








interleukin-1 receptor 


NCF2 


BC001606 


Neutrophil cytosolic 








mRNA, complete cds 






factor 2 (65 kDa, 




IL8 


NM-.000584 


Interleukin 8 






chronic granulomatous 




IL8RB 


NMJ)01557 


Interleukin 8 receptor, (i 






disease, autosomal 2) 




KCNJ15 


D87291 


Potassium inwardly 


NCF4 


NM-013416 


Neutrophil cytosolic 








rectifying channel, 






factor 4, 40 kDa 








subfamily J, member 1 5 


NFE2 


L13974 


Nuclear factor (erythroid- 




KCNJ2 


BF1 11326 


Potassium inwardly 






derived 2), 45 kDa 








rectifying channel, 


PADI4 


NM_012387 


Peptidyl arginine 








subfamily J, member 2 






dciminase, type IV 




KRT23 


NM_015515 


Keratin 23 (histone 


QPCT 


NM_012413 


Glutaminyl-peptide 








deacetylase inducible) 






cyclotransferase 




MANSC1 


NM^O 18050 


Hypothetical protein 






(glutaminyl cyclase) 








FU 10298 


RGS18 


AF076642 


Regulator of G-protcin 




MGAM 


NM-004668 


Maltase-glucoamylase 






signaling 18 








(ot-glucosidase) 


S100A12 


NM-005621 


SI 00 calcium-binding 




MME 


AI433463 


Membrane 






protein A 1 2 (calgranulin C) 








metalloendopeptidase 


S100A9 


NM_002965 


SI 00 calcium-binding 








(neutral endopeptidase, 






protein A9 (calgranulin B) 








enkephalinase, 


SGK 


NM-005627 


Serum/glucocorticoid 








CALLA,CD10) 






regulated kinase 




MMP9 


NM_004994 


Matrix metalloproteinase 9 


SLC22A4 


NM_003059 


Solute carrier family 22 








(gelatinase B, 92-kDa 






(organic cation transporter), 








gelatinase, 92-kDa type IV 






member 4 








collagenase) 


SNCA 


BG260394 


Synuclein, a 




MSCP 


BG251467 


Mitochondrial solute 






(non-A4 component 








carrier protein 






of amyloid precursor) 




PBEF1 


BC020691 


Pre-B-cell colony 


TLR2 


NM_003264 


Toll-like receptor 2 








enhancing factor 1 


TLR4 


U93091 






PROK2 


AF 182069 


Prokineticin 2 


TLR8 


AW872374 






PTGS2 


NM_000963 


Prostaglandin-endoperoxide 


TM6SF1 


NM_023003 


Transmembrane 6 








synthase 2 (prostaglandin 






superfamily member 1 








G/H synthase and 


TMG4 


BF905445 


Transmembrane 








cyclooxygenase) 






'y-carboxyglutamic acid 




S100P 


NM.005980 


S 1 00 calcium-binding 






protein 4 








protein P 


TREM1 


NM_0 18643 


Triggering receptor 




SEC14LI 


A10 17770 


SEC14-like 1 






expressed on myeloid 








(Saccharomyces ceivvisiae) 






cells 1 




TNFAIP6 


NIVL.007115 


Tumor necrosis factor, 


ABCA1 


NM_OO5502 


ATP-binding cassette, 








a -induced protein 6 






subfamily A (ABC 1), 




TNFRSF10C 


AF0 12536 


Tumor necrosis factor 






member 1 








receptor superfamily, 


ACSL1 


NM_001995 


Acyl-CoA synthetase long- 








member 10c, decoy 






chain family member 1 








without an intracellular 


ADM 


NM_001124 


Adrenomedullin 








domain 


C4BPA 


NM_000715 


Complement component 4 




VNN3 


NM_0 18399 


Vanin 3 






binding protein, a 


Cluster 4 


AKAP2 


BG540494 


Paralemmin 2 


CCR3 


NMJXH837 


Chemokine (C-C motif) 




ANXA2 


NM-004039 


Annexin A2 






receptor 3 




ATPIB3 


U51478 


ATPase, Na7K + 


CHI3L1 


M80927 


Chitinase 3-like 1 








transporting. 






(cartilage glycoprotein-39) 








1*3 polypeptide 


CKLFSF2 


AA778552 


Chemokine-like factor 




BANK1 


NM_0 17935 


B-cell scaffold protein 






superfamily 2 








with ankyrin repeats 1 


CYP4F3 


NM_000896 


Cytochrome P450, 




BLNK 


NM_013314 


B-cell linker 






family 4, subfamily F, 




CCDC6 


AK024913 


cDNA: FU21260 fis, 






polypeptide 3 








clone COLO 1441 


EMR3 


AF239764 


EGF-like module- 




CPVL 


NM_03131I 


Carboxypeptidasc, 






containing, mucin-like, 








vi tell ogenic-1 ike 






hormone receptor-like 3 




CXXC5 


BC006428 


CXXC finger 5 


G0S2 


NM„015714 


Putative lymphocyte 




DPYSL2 


NM_001386 


Dihydropyrimidinase-Iike 2 






G0/G1 switch gene 




FCRH3 


BF5 14552 


Fc receptor-like protein 3 



(continued on next page) 
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Tabic 2 (continued) 



Tabic 2 (continued) 



Common 



GenBank Description 



Common 



GenBank 



Description 



Cluster 4 FLJ20668 

HLA-DPA 1 

HLA-DPB1 

HLA-DRB3 

ICSBP1 

1GLJ3 
KYNU 

L1PA 

MGC27165 
MS4A1 

MS4A7 

NAP1L 
P2RX5 

POU2AF1 

PRDX4 
SPAP1 

TCF4 

TPD52 

TRAF5 

TXNDC5 

VAMP8 

Clusters C1QBP 

CLNS1A 

DOCK 10 
FUU171 

FU20160 
FU38426 

LRPPRC 

MGC5395 

MRPL3 

MRPL9 

MRPS23 

NDUFB2 

PLAC8 



A1707896 Hypothetical protein 
FU20668 

M27487 Major histocompatibility 

complex, class II, DP al 
NM _002 1 2 1 Major histocompatibility 

complex, class U, DP pi 
AJ297586 Major histocompatibility 

complex, class II, DR p3 
A1073984 Interferon consensus 

sequence binding protein 1 
X578 1 2 Immunoglobulin X joining 3 

D55639 Kynurehinase 

(L-kynurenine hydrolase) 
NM_000235 Lipase A, lysosomal acid, 

cholesterol esterase 

(Wolman disease) 
S55735 Hypothetical protein 

MGC27165 
BC002807 Membrane-spanning 

4-domains, subfamily A, 

member 1 
ABO 1935 Membrane-spanning 

4-domains, subfamily A, 

member 7 
AI763426 Napsin B pseudogene 
U49396 Purinergic receptor P2X, 

ligand-gated ion channel, 5 
NMJ)06235 POU domain, class 2, 

associating factor 1 
NM_006406 Peroxircdoxin 4 
AL833361 SH2 domain-containing 

phosphatase anchor protein 1 
BF592782 Transcription factor 4 
AA524023 Tumor protein D52 
NM_0046 1 9 TNF receptor-associated 

factor 5 

NM_030810 Thioredoxin domain- 
containing 5 

NM_003761 Vesicle-associated membrane 
protein 5 (myobrevin) 

L04636 Complement component 1, 

q subcomponent binding 
protein 

AF005422 Chloride channel, 

nuclcotide-scnsitivc, 1A 

NM_017718 

AK023 1 83 Hypothetical protein 

FLJ11171 
AA 1333 11 FU20 160 protein 
BF679966 Hypothetical protein 

FU38426 
A 1653608 Leucine-rich 

P PR-motif-containing 
BG287862 Hypothetical protein 

MGC5395 
BC003375 Mitochondrial ribosomal 

protein L3 
BC004517 Mitochondrial ribosomal 

protein L9 
BC000242 Mitochondrial ribosomal 

protein S23 
NM J)04546 NADH dehydrogenase 

(ubiquinone) lp 

subcomplex, 2, 8 kDa 
NM_016619 Placenta-specific 8 



Cluster 5 PP 

RAFTLIN 

RPL10A 

SUCLG2 

TCERG1 

VPS45A 

AKR1C3 



CD 160 
CD3Z 



EAT2 

Cluster 6 GNLY 
GPR56 
GZMB 



GZMH 

TFIX 

KLRC3 

KLRDt 

KLRF1 

KLRK1 

KSP37 
MGC61571 

NKG7 

SAMD3 

SPON2 

SPUVE 
TGFBR3 

TRD@ 
Cluster 7 C6orfl90 



NM_02 1 1 29 Pyrophosphatase (inorganic) 
D42043 Raft-linking protein 

NM_007 1 04 Ribosomal protein L 1 0a 
AL050226 Succinate-CoA ligase, 

GDP-forming, p subunit 
NM_006706 Transcription elongation 

regulator 1 (CA150) 
AF 1 655 1 3 Vacuolar protein 

sorting 45A (yeast) 
ABO 1 8580 Aldo-keto reductase 

family 1, member C3 

(3 -a hydroxy steroid 

dehydrogenase, type II) 
NM-007053 CD 1 60 antigen 
J04132 CD3Z antigen, 

£ polypeptide 

(TiT3 complex) 
BC022407 SH2 domain -containing 

molecule EAT2 
M 85 2 76 Homo sapiens 

NKG5 gene, complete cds 
AL554008 G-protein-coupled 

receptor 56 y 
J03189 GranzymcB 

(granzyme 2, 

cytotoxic 

T-Iymphocyte- 

associated 

serine esterase I) 
M36118 Granzyme H 

(cathepsin G-like 2, 

protein h-CCPX) 
AI82743 1 Interferon-inducible 

protein X 
NM_002261 Synonyms: NKG2E, 

NKG2-E 

U30610 Killer cell lectin-like 

receptor subfamily D, 

member 1 
NM_0 1 6523 Killer cell lectin-like 

receptor subfamily F, 

member 1 
AF4395 12 Killer cell lectin-like 

receptor subfamily K, 

member 1 
AB02 1 1 23 Ksp37 protein 
BE963026 Hypothetical protein 

MGC61571 
NM_005601 Natural killer cell 

group 7 sequence 
AI129628 Sterile a motif 

domain-containing 3 
NM„0 12445 Spondin2, 

extracellular matrix protein 
NM_007 1 73 Protease, serine, 23 
NM-003243 Transforming 

growth factor, 

p receptor III 

(betaglycan, 300 kDa) 
X06557 T-cell receptor 6 locus 

AA227879 Transcribed sequences 
BC043608 Chromosome 6 open 

reading frame 207, mRNA 

(cDNA clone IMAGE: 

5764019), partial cds 
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Table 2 (continued) 

Common GenBank Description 



A total of 269 genes that are differentially expressed between blood cell types 
(parametric one-way ANOVA followed by Student-Newman- Keuls post hoc 
test, p < 0.05, with Bonferroni multiple correction) were segregated into nine 
clusters using a hierarchical cluster algorithm. Cluster 1, specifically expressed 
by monocytes/platelets. Cluster 2, highly expressed by PMNs and, to a lesser 
degree, monocytes/platelets. Cluster 3, specifically expressed by PMNs, Cluster 
4, highly expressed by B cells and, to a lesser degree, monocytes/platelets. 
Cluster 5, expressed by all cell types except PMNs. Cluster 6, highly expressed 
by NIC cells and, to a lesser degree, CD8 + T cells. Cluster 7, highly expressed by 
CD4 1 and CD8 1 T cells. Cluster 8, highly expressed by CD4" and CD8' T cells 
and NK cells. Cluster 9, highly expressed by CD8 + T cells and NK cells. Note 
that multiple probe sets for the same gene are presented only once. 



(cluster 8), NK cells can be mostly distinguished by the higher 
expression of genes including NKG5, NKG7, NKG2E, FCLRD, 
and KJLRF1 (cluster 6). Interestingly, genes originally cloned 
from cytotoxic T cells such as GZMB and GZMH (granzyme B 
and H) have a higher expression in NK cells but are also present 
in CD8 + T cells (Figs. 1 and 2; Table 2). The overall genomic 
patterns of CD4 + and CD8 + T cells are very similar and can be 
distinguished from other cell types by well-known T cell 
markers such as CD28 [36], IL7R [37], the chemokine receptor 
CCR7 [38], and others (cluster 7). Moreover, a novel gene, 
NELL2 [39], that is abundant in neural tissues is also highly 
expressed by both CD4 f and CD8* T cells. Not surprisingly, 
CD8 antigen distinguishes CD4 + and CD8 4 T cells (cluster 9). 
In a recent study of T cells purified from buffy coats from 
healthy donors, approximately 50% of the genes in clusters 7 
and 8 in this study were present (6/1 1 and 5/1 1, respectively) 
[14], suggesting that these sets of genes are consistent even with 
different purification methodologies and different individuals. 

Several limitations of the current study need to be empha- 
sized. The purification of most of the cell types was less than 
desirable. However, it was for this reason that we identified 
gene clusters that are quite different from each other and then 
examined how these gene clusters related to the imperfectly 
separated cell types in blood (Fig. I). Using this approach we 
can say that the genes or gene clusters that are expressed only 
for a given cell type are in fact expressed by that cell type. 
Genes that appear to be expressed by two or more cell types 
might be shared between those cell types or could be expressed 
by only one cell type but could not be differentiated because of 
imprecise separation of cells. In addition, a given cell type is 
likely to have heterogeneous subtypes, and thus there are likely 
to be different gene expression signatures for these subtypes. A 
good example is CD4 + cells, among which are Thl and Th2 
CD4 + cells, which have very different functions in the immune 
system [40] and which were not differentiated in this study. 
Moreover, the increased expression by any given cell type could 
be due to a number of different factors including the numbers of 
cells. This is not likely to be a major factor since the changes in 
gene expression shown usually vary from 5- to 100-fold, and it 
is unlikely that the numbers of these types of cells vary this 
much. 

Other limitations of the results include the negative selection 
method of isolating the cells. Even though the selected cells do 
not undergo antibody binding used for positive selection, the 
negative selection likely activates complement that could affect 
the cells being surveyed. In addition, because the negative 
selection method does not produce pure populations of cells, it is 
possible that the contaminating cells activate the primary cells 
being isolated. Therefore, any given profile for each cell type 
could represent some degree of activation of the cells. Since the 
data at least for the three individuals examined look fairly con- 
sistent, if there is nonspecific activation of cells with negative 
selection at least it is fairly consistent from one experiment to the 
next. 

An additional limitation of the current study was the inability 
to distinguish gene expression by platelets from gene expression 
by monocytes because of the negative selection methods used. 



Cluster 7 CCR7 

CD28 
GZMK 



1L7R 
LEF1 



MAL 

NELL2 
RGS1 

TRIM 



Cluster 8 BCL11B 
CD2 

H963 
LCK 

LOC283666 



TRGV9 
TRGV9 



Cluster 9 CD8A 



NM_001 838 Chemokine (C-C motif) 

receptor 7 
NM_006 1 39 CD28 antigen (Tp44) 
NM_002 1 04 Granzyme K 

(serine protease, 

granzyme 3; tryptase II) 
NM_002 1 85 Interleukin 7 receptor 
AF28857I Lymphoid 

enhancer-binding 

factor 1 
NM-002371 Mai, T-cell 

differentiation protein 
NM_006 1 59 NEL-like 2 (chicken) 
S59049 Regulator of 

G-protcin signaling 1 
AJ240085 T-cell receptor-interacting 

molecule 
M 1 2959 Human mRN A for 

T-cell receptor a chain 
AA9183I7 B-cell CLL/lymphoma I IB 

(zinc finger protein) 
NM_00 1 767 CD2 antigen (p50), 

sheep red blood 

cell receptor 
NM_013308 Platelet-activating 

receptor homolog 
NM-.005356 Lymphocyte-specific 

protein tyrosine kinase 
AW006185 Hypothetical protein 

LOC283666, mRN A 

(cDNA clone IMAGE: 

4415549), partial cds 
M30894 T-cell receptor y locus 
MI 6768 T-cell receptor 

(V-J-C) precursor, 
BC040965 Clone IMAGE:5747561, 

mRNA 

AF043 1 79 H. sapiens T-cell 
receptor |A chain 
(TCRB V 1 3S 1 -TCRBJ2S 1 ) 
mRNA, complete cds 

AL559122 T-cell receptor p 

chain BV20S1 BJ1-5 BC1 
mRNA, complete cds 

M 1 5564 T-cell receptor precursor; 

human T-cell receptor 
rearranged [i -chain 
V-region (V-D-J) mRNA 

AW006735 CD8 antigen, 

a polypeptide (p32) 
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Fig. 2. Cellular origins of genes that have previously been shown to be regulated by ischemic stroke [8], Tourette syndrome f 10], and migraine [9J. These genes were 
identified from RNA isolated from whole blood by comparing to healthy controls and patients with other diseases. Genes regulated by each disease are listed from top 
to bottom (y axis) and their relative expression in each blood cell type is color coded and displayed from left to right fr axis). The list of displayed genes from the top 
down for each disorder follows and the genes are numbered and named according to the Affymetrix probe sets: ischemic stroke, 2061 1 l_at (RNASE2), 239893_at, 
234632_x_at, 206209_s_at (CA4), 203936^s_at (MMP9), 244218-at, 206177_s_at (ARG1), 204351_at (S100P), 232595_at, 228758-at (BCL6), 240440_at (NPL), 
225899-Ji_at (LOC3491I4), 227129_x-at, 232958_at (PYGL), 205118_^t (FPR1), 228642_at, 231029-at, 204714^s_at (F5), 214290_s_at (HIST2H2AA), 
218280-j(-at (HIST2H2AA), 222303^at, 205863_at (S100A12), 203535_at (S100A9), 206584_at (LY96), 200999_s_at (CKAP4), 207038_at (SLC16A6); Tourette 
syndrome, 21 2775_at (KIAA0657), 207860_at (NCR1), 207796_jc_at (KLRD1), 207723_s_at (KLRC3), 206785^at (KLRCl), and 2101 64_at (GZMB); Migraine, 
214469_at (HIST1H2AE), 206494^at (ITGA2B), 204627_s^at (ITGB3), 216261_at (ITGB3), 209301_at (CA2), 208791_at (CLU), 207156_at (HIST1H2AG), 
217216_j(_at (MLH3), 204838_js_at (MLH3), 200665_s_at (SPARC), 210299_s_at (FHL1), 206272^t (SPHAR), 201818_at (FLJ12443), 2 U 506_.s-.at (IL8), 
209864_at (FRAT2), 202859_x-at (IL8), 201473_at (JUNB), 217143_s_at (TRD@), 210031_at (CD3Z), 205898^at (CX3CR1), 201272_at (AKR1BI), 202567_at 
(SNRPD3) 204655_at (CCL5). 



However, gene expression profiles for platelets have been 
published [18,20]. It is notable that platelets lack a nucleus and 
nuclear DNA, and hence the mRN A found in platelets is derived 
from the megakaryocytes that form the platelets. A similar 
situation exists for red blood cells, which contain mRNA but 
have no nucleus or nuclear DNA. The importance of 
differentiating platelet from monocyte RNAs is emphasized 
by the data in Fig. 2. Even though stroke and migraine appear to 
express genes in both platelets and monocytes, careful 
examination of the gene lists for both shows that in stroke the 
genes induced are mainly in monocytes, and in migraine the 
genes are induced mainly in platelets (see below). It is certainly 
possible that a genetic disease like migraine could be associated 
with changes in gene expression in platelets and not other 
cellular elements in the blood. This is emphasized by a number 
of clinical studies in migraine as mentioned next. 



Finally, it is important to reemphasizc that the data shown 
in this study are for expression in three normal, healthy 
individuals, and the data for the three diseases were obtained 
by comparing the published disease-regulated genes to the 
genes expressed by different cell types in the healthy persons 
in this study. The expression profiles for the individual cell 
types shown here can be viewed only as being preliminary, 
since only three individuals were studied. Large numbers of 
individuals may be necessary to derive reliable gene profiles 
for individual cell types in blood, since age, gender, race, 
genetic background, lifestyle, diet, concurrent diseases and 
medications, and many other factors are likely to influence 
cell type-related gene expression. The current study does, 
however, emphasize the need for future studies to isolate 
these cell types in individuals with each disease and replicate 
the gene expression profiles for each cell type in each 
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individual with each disease. An unexpected benefit to isolating 
individual cell types was that the fold differences of gene 
expression is 1 0- to 1 00-fold, compared to fold changes in whole 
blood, at least in neurological diseases, on the order of 2- to 3- 
fold [6- 10, 1 3- 1 7,41 ]. The ability to detect high fold changes in 
these cell-specific data could be due in part to removal of high- 
abundance RNAs that populate whole blood and in part to using 
an approach that highlights cell differences rather than averaging 
them. 

The data shown suggest that the cell type-specific data 
could serve as a powerful guide to understanding the relative 
contribution of each cell type to the overall gene expression 
profile caused by various diseases. The data show that 
different neurological diseases affect gene expression through 
distinct blood cell populations. Tourette syndrome, a 
neuropsychiatry tic disorder that has been proposed to be 
caused by an autoimmune response to streptococcus at least 
in some patients [42,43], appears to be associated with 
changes in gene expression in NK cells and/or CD8 + cells 
based upon the results of this study and our previous findings 
[10]. In contrast, the blood genomic response following acute 
ischemic stroke was predominantly from PMNs based upon 
the current findings and those of our recent ischemic stroke 
study [8]. This agrees with human and animal studies 
showing that polymorphonuclear cells are the major cell 
type that initially infiltrate areas of cerebral infarction 
following stroke and appear to play a major role in 
pathogenesis [44-46]. Importantly, infection and predisposi- 
tion to inflammation may be risk factors for stroke [47]. In 
comparison, the blood genomic pattern for migraine headache 
is more heterogeneous, with several blood cell types affected, 
including platelets and monocytes. Platelets and abnormalities 
of serotonin in platelets have long been implicated in the 
pathogenesis of migraine and its genetic basis and may 
contribute to an increased risk of stroke [48-51]. These data 
suggest that although neuroinflammation plays a crucial role 
in the pathological process of both cerebral ischemia [52] and 
migraine [53], the involved blood cells and genes are distinct. 
This further underscores the importance of identifying the 
blood cell types associated with a given disorder, to formulate 
mechanistic hypotheses and accurately characterize surrogate 
blood markers for diagnostic, prognostic, and treatment 
purposes. 

Materials and methods 

Separation of blood cell subtypes 

Blood was drawn from three healthy donors for all cell subsets. The 
donors were healthy, ages 32, 33, and 59; two were male; and none had any 
concurrent infection or major medical illnesses. Subsets of mononuclear cells 
including CD4+ T cells, CD8 + T cells, CD19 4 * B cells, CD56* NK cells, and 
CD14 + monocytes were enriched using the RosetteSep negative selection 
method (StemCcll Technologies, BC, Canada). This method was chosen as it 
provided a short processing time and the desired cell types remain largely 
undisturbed. This method thus helped to minimize potential alterations in 
gene expression due to excessive handling during the cell isolation and to 
avoid possible effects of positive selection of cells on gene expression 
[2 1 ,22]. For each cell subtype, 8 ml whole blood was drawn into Vacutainer 



CPT cell preparation tubes that contained sodium citrate and Ficoll (Becton- 
Dickinson, NJ, USA). Four hundred microliters of RosetteSep antibody 
cocktail was added to each tube and incubated for 20 min at room 
temperature. The antibody cocktail cross-links unwanted cells in whole blood 
to red blood cells, forming immunorosettes with increased density. After 
incubation, the blood collected in the CPT tubes was centrifuged for 20 min 
at 1800 g to precipitate the unwanted cells and precipitate free RBCs. The 
desired cells, not labeled with antibody, were collected from the plasma :Ficoll 
interface and washed once with PBS and the RNA was isolated using Trizol 
reagent. The purity of cells separated with this protocol was 90 ± 5% for 
CD4 f T cells, 76 ± 8% for CD8* T cells, 81 ± 8% for CD19* B cells, 
74 ± 10% for CD56* NK cells, and 69 ± 12% for CD14 + monocytes 
(mean ± SD) according to confirmatory flow cytometry data provided by the 
manufacturer. 

It is noted that platelet contamination has been reported for CD14 + 
monocytes using the RosetteSep enrichment method. Therefore, the "monocyte" 
gene expression pattern obtained in this study may come from both monocytes 
and platelets and is therefore referred to as "mono/platelet" in the text However, 
importantly, platelet contamination is not seen in lymphocyte enrichments as the 
lymphocyte enrichment cocktails contain anti-CD36, which removes platelets 
along with monocytes. 

For the separation of PMNs, 6 ml sodium citrate-anti-coagulated venous 
blood was carefully layered on 3 ml leukocyte separation media (Histopaque- 
1 1 19 and Histopaque- 1 077; Sigma- Aldrich, St. Louis, MO, USA). After a 70U£ 
centrifugation for 30 min at room temperature, the "mononuclear" layer together 
with fluid within 0.5 cm of this layer was aspirated and discarded, while the 
"granulocyte" layer was transferred to a new tube and washed once with 
phosphate-buffered saline. The purity of the PMNs obtained was -98% based 
on microscopic examination after Wright-Giemsa staining. 

RNA isolation 

The collected pellets of each cell subtype were inunediately homogenized 
with Trizol reagent (Invitrogen, Carlsbad, CA, USA). The aqueous phase 
containing RNA was separated by centrifugation after adding chloroform. RNA 
was recovered by precipitation with isopropyl alcohol and washed with 75% 
ethanol. RNA samples were quantified using a NanoDrop ND-1000 
spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) and the 
quality was assessed using an Agilent 2 1 00 bioanalyzer (Agilent, Palo Alto, CA, 
USA). We processed RNA only when the A 2 6oIA 2 ho absorbance ratio of the 
cleaned RNA exceeded 2.0 and 28S/1 8S ratio equaled or exceeded 1 .8 for these 
micro array studies. 

Microarray processing 

For each blood cell subtype (CD4* T cells, CD8* T cells, CD19 + B cells, 
CD56" NK cells, CD 14^ monocytes, and PMNs), 25 ng total RNA was 
labeled using a two-cycle target labeling protocol and hybridized to arrays. A 
total of 36 (6 arrays for each cell type, for three subjects, with technical 
duplicates done for each) AfTymetrix Human 2.0 Plus arrays were used 
(Asymetrix, Santa Clara, CA, USA) in this study, with each array containing 
54,675 probe sets referred to as such or as "genes" in the text. Six arrays for 
each cell type were used for each of the three subjects (n - 1 8 arrays), and 
technical duplicates of these were then processed (n = 36 arrays total). The 
probe sets were on one chip that surveyed 47,000 transcripts from -39,500 
potential human genes (AfTymetrix Technical Manual). Sample labeling, 
hybridization to chips, and image scanning were performed according to the 
Affymetrix Expression Analysis Technical Manual. 

Data analysis 

After the arrays were scanned, the raw expression values (probe level 
data) for each gene were saved in Affymetrix.cel and AfTymetrix.dat files. 
The probe level data were then collated using GC-Robust Multi-array 
Average (GCRMA-EB) software (http://www.bioconductor.orgO. This in- 
volved nonlinear background reduction, quantile normalization, and summa- 
rization by median polishing [23,24]. The technical replicates were averaged, 
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and therefore the analyses were perfonned on 1 8 independent data sets (three 
individuals and six different cell types for each individual). We used both 
qualitative and quantitative methods to assess the expression signatures of 
each cell type. 

Qualitative method 

This method was used to determine genes that are uniquely expressed by 
each cell type. Affymetrix GCOS software was used to generate "detection 
calls," i.e., "present" "absent," or "marginal " for each gene on each array 
based on Wilcoxon's signed rank test (http://www.atTymetrix.coni/support/ 
technicaUtechnotes/statisticaLreference^guide.pdf). Briefly, die present genes 
represent transcripts that can be clearly detected by arrays, while the absent 
calls are generally given to transcripts that arc below the detection threshold 
and cannot be reliably distinguished from noise. We determined the number 
of genes that are present in each cell type (with 3 present calls in three arrays 
regardless of calls from other cell types) and the number of genes that are 
present only in each specific cell type (with 3 present calls in three arrays and 
15 absent calls in all other cell types). This method tends to eliminate genes 
that are marginally associated with a given cell type. As noted above, the 
technical replicates were averaged together for this qualitative analysis and 
the quantitative analysis that follows. 

Quantitative methods 

The probe level data from .eel files were first collated using Robust Multi- 
array Average (RMA) software (http://www.bioconductor.org/). After nonlinear 
background reduction and quantile normalization and summarization, probe 
level data were generated by median polishing each gene to produce a 
quantitative expression assessment in each cell sample [23,24]. Genes that were 
differentially expressed among cell subtypes were identified using a parametric 
one-way ANOVA followed by the Student-Newman-lCeuls post hoc test with 
subtype as the variable (GENESPR1NG 7 software; Silicon Genetics, Redwood 
City, CA, USA). The type I error probability value (p value) was corrected with 
the Bonferroni method for multiple test comparisons and p < 0.05 was 
considered significant. The identified genes were subjected to a hierarchical 
cluster analysis using Pearson correlation as the similarity measure (Fig. I). 

Cellular origin of genes regulated by ischemic stroke, migraine, and 
Tourette syndrome 

The genes up-regulated by ischemic stroke, migraine, and Tourette 
syndrome were identified in three previous studies by comparing these 
conditions to healthy controls and patients with other neurological disorders. 
RNA isolated from whole blood was used for all of these previous studies. The 
ischemic stroke study was performed using U133 2.0 Plus arrays [8], while the 
Tourette and migraine studies were carried out using human U95Av 2 arrays 
[9,10]. For the ischemic stroke study 45 stroke samples were compared to 14 
healthy control samples [8]. For the migraine headache study 22 patients with 
migraine were compared to 56 control samples from patients with a variety of 
other disorders [9]. For the Tourette syndrome study, 16 patients with Tourette 
syndrome who had at least one first degree relative with Tourette syndrome were 
compared to 1 1 3 samples from control patients with a variety of other disorders 
including epilepsy and headache and healthy controls [10]. With the current 
subtype-specific expression data, we attempted to address the cell types that are 
affected by each disease. To make a direct comparison, genes from Asymetrix 
U95Av 2 arrays were matched to genes on the Affymetrix U 133 2.0 Plus arrays 
through the Netaffx database (www.affymcurix.com) and their expression across 
different blood cell types was examined and visualized (Fig. 2). 
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Summary 

In order to capture hepatocellular carcinoma (HCC) cells 
in circulating peripheral blood, we made analysis to see 
if a -fetoprotein (AFP) mRNA exists in the peripheral 
blood obtained from patients with HCC and also, as a 
control, from hepatitis-viral -marker-positive patients 
without HCC and a healthy volunteer. As the number of HCC 
cells in peripheral blood and the quantity of AFP mRNA 
are expected to be very small, the analysis was performed 
by the reverse transcription followed by an original 
three-step polymerase chain reaction. By this highly- 
sensitive method, 5 of 7 HCC patients were positive for 
AFP mRNA. These 5 positive patients consisted of three 
with clinically apparent recurrence, one preoperative 
patient with tumor thrombus in the portal vein and one 
recurrence- free patient who developed clinically 
detectable recurrence three months after this analysis. 
Neither 4 patients with positive viral markers nor a 
healthy volunteer was positive. The results suggest that 
detection of AFP mRNA from HCC patients' peripheral blood 
by our highly-sensitive RT-PCR may be a practical and 
powerful tool to diagnose the preoperative spreading of 
HCC and to monitor its recurrence. 

Key Words: AFP mRNA, three-step RT-PCR, hepatocellular carcinoma, hematogenous disseminations 
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It is ideal to perform curative liver resection for all HCC 
patients. But in many cases the poor hepatic functional reserve 
due to co-existing chronic hepatitis or liver cirrhosis limits 
the range of safe resection. Moreover, even if we could manage 
to perform curative resection, not a few patients develop recur- 
rence. In addition, in recent years more conservative therapeutic 
choices such as transcatheter arterial embolization (TAE) and 
percutaneous ethanol infusion therapy (PEI) have been practiced. 
Therefore, if we could know more precisely before operation 
whether a patient's HCC is localized or has unhappily hemato- 
genous ly disseminated, we would be able to choose more appropriate 
therapy for individual patients taking both the stage of HCC and 
hepatic functional reserve into consideration. Furthermore, the 
capture of circulating HCC cell(s) from a post-operative patient 
will enable us to predict his high possibility of recurrence, 
and so will tell us the timing of imaging diagnosis, or even an 
intensive preventive chemotherapy. By these reasons, we tried 
to detect HCC cells circulating in the peripheral blood as a form 
of AFP mRNA. AFP is a well-known oncofetal protein and its serum 
level is used in screening HCC (1). But secreted AFP protein does 
not mean the presence of "cell" in the circulation (2). In con- 
trast, the presence of AFP mRNA in the circulation, that is, the 
existence of AFP-producing cell(s) in blood is thought to be 
highly suggestive of the existence of circulating HCC. The 
present study describes our successful capture of AFP mRNA from 
peripheral blood of pre- and post-operative HCC patients with 
high efficiency. 

Patients and Methods 

Patients All patients' profiles are listed on Table I . 

RNA extraction and cDNA synthesis RNA was extracted from periph- 
eral blood according to the acid guanidinium-phenol-chloroform 
(AGPC) method (3) with a slight modification. In short, 5ml of 
heparinized whole blood was mixed well with 5ml of a guanldine 
isothiocyanate-enriched solution D [5M-guanidine isothiocyanate/ 
25mM-sodium citrate(pH7.0)/0.5% Sarcosyl/lOOmM- 0 -mercaptoethanol 
] . We increased the quantity of guanldine Isothiocyanate for 
protection of RNA in the whole blood according to the report of 
Gillespie et al (4). Two ml of this sample mixure, which 
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TABLE I 



Patient Sex Age HCC clinical viral* 1 serum step of 
number (M/F)(yr) findings marker AFP detection 

(ng/ml) 



1. 


M 


65 




R(lung)* 1 
LC •• 


HBsAb, 
HCVAb 


4325 


second 


2. 


F 


60 


+ 


R( liver) 


HBsAb 


83 


second 


3. 


M 


66 


+ 


R( liver) 
LC 


HBsAb, 
HCVAb 


18 


second 


4. 


F 


45 


+ 


pre 04 
LC 


HBsAg 


210 


third 


5. 


M 


56 




R(-) 
LC 


HBsAb 


4 


third 


6. 


M 


74 


+ 


pre 
LC 


HCVAb 


67213 




7. 


M 


68 


+ 


R(-) 
LC 


negative 


4 




8. 


M 


35 




NC* B 


negative 


<4 




9. 


F 


54 




CH' 8 


HBsAb, 


12 





HCVAb 



10. 


F 


80 




LC 


HCVAb 


<4 




11. 


M 


64 




none* 7 


HCVAb 


<4 




12. 


F 


90 




none 


HBsAg 


<4 





• ! Positive marker(s) listed 

• a R indicates recurrence with the site in parentheses 
• 8 LC indicates liver cirrhosis 
•4 »p re » indicates preoperative case 
• 5 NC indicates normal control 
CH indicates chronic hepatitis 

* T 'none 1 in these patients means that there is no liver 
dysfunction at present 

corresponds to 1ml of total blood, was further processed by the 
ordinary AGPC method. Extracted RNA was solubilized in diethyl 
pyrrocarbonate (DEPC) -treated water (4) and was reverse- tran- 
scribed in a 50 p. 1 mixure consisted of 10jx 1 of 5x buffer 
(Gibco BRL) , 2mM dNTP (Wako Pure Chemical Industries, LTD, Japan) , 
lOmM DTT (Gibco), 0.25/x g random hexamer (Pharmacia), 5 u g bovine 
serum albumin (BSA) (Gibco) and 200U M-MLV reverse transcriptase 
(Gibco, Cat. No. 28025-013). The reverse transcription was 
performed at 37 "C for one hour. 



Preparation of positive control template a high-AFP-producing 
human HCC cell line, HuH7 (Gift from JCRB) (5) was cultivated in 
Dulbecco's modified eagle's medium supplemented with 10% fetal 
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bovine serum. mRNA was extracted from HuH7 cells using a Quick 
Prep® mRNA purification kit (Pharmacia) and then reverse 
transcription was performed using 1 u g of mRNA according to 
the above-described method. 

PCR primers The primers for AFP gene (6,7) detection were sense 
primer 1 ( 5 1 -ATTCAGACTGCTGCAGCCAA-3 1 ) and sense primer 2 
( 5 ■ -GTTCCAGAACCTGTCACAAG-3 ' ) both within exon 4, sense primer 3 
( 5 • -TGGGACCCGAACTTTCCAAG-3 1 ) within exon 6, and common 
anti-sense primer 4 ( 5 1 -GTGCTCATGTACATGGGCCA-3 1 ) within exon 7. 

PCR protocol First step-PCR was performed using primers 1 and 4 
which amplify a 476-bp fragment. The 50 u 1 of individual PCR 
mixure was composed of one half of the reverse- transcribed 
sample (25^ 1) and 5u 1 of 10 x PCR buffer (Perkin-Elmer-Cetus, 
Norwalk,CT), SOpmole of each primer in lu 1 of TE(pH8.0), 1 u 9 
of BSA, 0.2mM dNTP and DEPC-treated water. The reaction mixure 
was overlaid with mineral oil, heat-denatured at 93 *C for 
3minutes and then cooled to 80T: for addition of 2.5 units of 
Taq polimerase (AmpliTaq® , Perkin-Elmer-Cetus). Each cycle of 
amplification consisted of 1-second denature at 94V , followed 
by 20-second annealing (63V ) and 30-second extension (72 V ) . 
After 35 cycles, the final product was extended for 10 more 
minutes. One-fiftieth of the first PCR product was used as the 
template for the second-step PCR. The second set of primers 
consisted of primers 2 and 4 which amplify a 384-bp fragment. 
These primers were added by SOpmole individually. Another constit- 
uent of the second PCR mixture was the same as the first PCR 
mixure except for the addition of 24 u 1 of DEPC-treated water. 
The amplification program for the second PCR was the same as 
the first PCR. One-fiftieth of the second PCR product was used 
as the template for the third PCR. The third primers were 3 and 
4, amplifying a 115-bp fragment. Except for the difference of 
primers, the third PCR mixture was the same as the second PCR 
mixure. The annealing step for the third PCR was performed at 
65V for 30 seconds and 30 cycles of amplification was practiced. 
The rest of the amplification program for the third PCR was the 
same as the previous PCR. 10 u 1 of the PCR product was subjected 
to electrophoresis unless noted on 2.5% agarose gels (Agarose 
NA, Pharmacia Biotech, Sweden) containing 20ng/ml ethidlum bromide. 

To test the reliability of RNA extraction, a 319-bp 0 -act in 
cDNA fragment was amplified using the 50-pmole-each primer pair 
reported by Fuqua et al (8). The PCR template was the residual 
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one half of sample cDNA. The constituent of the PCR mixture was 
the same as the mixture for AFP mRNA except for the difference 
of primers. Our PCR protocol for the detection of 0 -act In cDNA 
fragment consisted of 3-minute heat-denature at 93*C , Taq 
pollmerase addition at 80 V , and then 1-second heat denature 
(94 °C ), followed by 30-second annealing (551C ) and 30-second 
extension (72 t ) steps. After 35 cycles, the final product was 
extended for 10 more minutes . When the ampl 1 f led band was 
faint, one-fiftieth of the PCR product (corresponding 1 n 1) 
was amplified in a new PCR mixure for 30 cycles using the same 
primer set under the same program. 

The positive control for AFP mRNA detection was the PCR performed 
with 0.1*1 g of HuH7 mRNA. The negative control for the first 
step was the simultaneously-performed PCR without any template. 
The negative control for the second- and third-step was the PCR 
performed with one-fiftieth (corresponding to 1 u 1) of the 
negative control in the previous PCR. 

Results 

PCR amplification on HuH7 As is observed in Figure 1, the 
first, second or third PCR products were visible as a clear 
single band individually and non-specific additional bands were 
not observed either on positive lanes or negative control lanes. 

Detection of AFP mRNA in serially diluted HuH7 cDNA To determine 
the sensitivity of our assay. 0.1 n g of HuH7 cDNA was serially 
diluted and used as the PCR template. The first PCR made a 10- 8 - 
diluted sample visible (data not shown). The second PCR visualized 
a 10" 5 -diluted sample (Figure 2A), and the third PCR increased 
the visible range up tp 10" 8 dilution (Figure 2B). 

Detection of AFP mRNA in small quantity of HuH7 cells mixed 
with 1ml of AFP mRNA-negative normal healthy volunteer's blood 
10" . 10 3 , 10", 10, 5 or 1 HuH7 cells were mixed with 1ml of 
healthy volunteer's blood, which had been pre-checked as 
negative for AFPmRNA using our system. Total RNA extraction. 
cDNA synthesis and PCR amplification were performed just as 
was done on patients' blood. Under our system even one HuH7 
cell-containing blood sample was positive for AFP mRNA and the 
blood sample without HuH7 cells was negative (Figure 3). 
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FIG-1 

PCR amplification of HuH7 cDNA forms a clear single band. 
*P is PCR product with template and *N is that without 
template. Numbers 1,2,3 and 4 represent the name of prim- 
er. pHY marker indicates 4870,2016,1360,1107,926,658,489, 
267 and 80bp fragments. The intermediate bright band of 
100 bp-ladder indicates 600bp DNA. 
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FIG.2A FIG.2B 
PCR using serially diluted HuH7-derived cDNA to test 
the sensitivity. Fig.2A represents the second PCR 
product and Fig.2B the third PCR product. 1-4*, 2-4* 
and 3-4* » are the positive control lane with indi- 
cated primer pair. 
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FIG. 3 

Even one HuH7 cell contaminated in 1ml of healthy 
volunteer's blood was detectable at the second 
PCR. 2-4* indicate the positive control product 
with the second primer pair. Of the total 50m 1 
of PCR product, we used 5 u 1 for the 1000-cell 
and 100-cell samples, and 15a 1 for the 10-cell 
sample, and 30ji 1 for the 5-cell and one-cell 
samples , individual ly . 



Detection of AFP mRNA in patients' samples Among 7 HCC patients, 
5 were positive for AFP mRNA (71%) (Figure 4). Of these 5 patients, 
No.l, 2 and 3 patients were already positive on the second PCR. 
No.l patient had lung metastasis and No. 2 and No. 3 patients 
had multiple intrahepatic recurrence (Table 1). No. 6 
preoperative patient, whose serum AFP protein level was as high 
as 67213 ng/ral was negative for AFP mRNA. When we performed the 
PCR, two more patients (No. 4 and 5) were found to be positive. 
No. 4 preoperativepatient whose portal venogram showed tumor 
thrombosis was positlvefor AFP mRNA. No. 5 follow-up patient in 
whom no recurrence was detected at the point of blood sampling 
was positive for AFP mRNA, and within three months showed an 
evident recurrence on the echograms. No. 7 follow-up patient 
without any clinical recurrence and negative for AFP mRNA 
showed no recurrence even after three months. In contrast, no 
AFP mRNA transcript was found in blood samples from the 4 
virus- infected patients and 1 healthy volunteer (Figure 4). 
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FIG.4A 

The third step PCR amplification of HCC patients' 
sample (1-7) and a healthy volunteer's sample (8). 
2-4' and 3-4* indicate the positive control for 
the second and third PCR, individually. 



! 

ft) 
o. 

8- 



CO 



"O "O "O "O 

01 ft) ft) ft) 

rr rt 

| « § » 



» S - 



3 
CD 

» 

o 
o 

S 3 



^ ^ ^ ^ ^ ^ ^ 




AFP 
115b p 



p-actin 
319bp 

FI6.4B 

PCR amplification of virus-marker-positive patients' samples 



Vol. 57, No. 17, 1995 



Sensitive Capture of Circulating AFP mRNA 



1629 



Sequencing of the final PCR product of the positive control 
sample and the randomly-picked up patients 1 samples revealed 
that the amplified products were identical with the expected 

cDNA sequence without fail. 

Discussion 

In the previous decade, detecting cancer-related protein secreted 
into blood was the only method to know the outgrowth of primary 
cancer or the cancer recurrence. In recent years, trials have 
been reported to detect cancer cell itself in the bone marrow 
or in the peripheral blood via RT-PCR using specific genes. To 
date such studies have been conducted on melanoma cells (9), 
breast cancer cells (10), prostate cancer cells (11), neuroblast- 
oma cells (12) and so on. In 1994 Matsumura et al. reported a 
RT-PCR system detecting AFP mRNA from HCC patients' peripheral 
blood after collecting nucleated cell fractions (2). According to 
their report, the serum AFP protein level in their patients was 
as high as 62738± 7031ng/ml. These HCC cells may be high-AFP- 
producers. And also their HCC's are exclusively large and far- 
advanced. For all the analysis of these advanced patients, the 
overall posltivity within HCC patients was 52%. In order to make 
use of this attractive method, we hope to construct a far more 
sensitive system that would detect the presence of a very few 
number of cells and low-AFP-producing cells in the peripheral 
blood without consuming time for decision-making of the operative 
procedure and for early and direct prediction of recurrence. 

First, as most HCC patients' blood is a highly infectious source 
of hepatitis virus, we decided to avoid the cell-f ractioning 
procedure. In spite of having used the whole blood with the 
elevated RNase activity because of virus infection, we were able 
to obtain intact RNA enough for analysis. That is probably 
because of guanidine isothiocyanate-enrichment in solution D. 

Second, our three-step system was able to detect the highly 
diluted positive control cDNA sample (Figure 2A and 2B). 

Third, as we shortened each step of the PCR cycle, the blood 
sample obtained in the morning was processed into the final PCR 
product in the evening. 

Using actual patients' samples, the second PCR detected AFP mRNA 
from 3 of a total of 7 HCC patients (43%). But the sensitivity 
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increased up to 71% (5 of 7) after the full three-step PCR. The 
serum AFP protein level of AFP mRNA-positive patients was 4325, 
83, 18, 210 and 4 ng/ml, respectively. Although circulating cancer 
cell(s) does not necessarily adhere to and invade into patient's 
tissue, the presence of one patient who developed recurrence after 
detection of circulating AFP mRNA suggests that our system will 
work as a very sensitive and direct predictor of recurrence with 
a high probability. AFP mRNA-negative patients consisted of one 
preoperative patient suffering from giant HCC whose serum AFP 
protein level was 67213 ng/ml and one post-operative patient 
(serum AFP 4 ng/ml) without any recurrence even 3 months after 
this analysis. We also investigated patients with positive 
viral markers, thinking of a minor possibility of the leakage 
of regenerating or infected non-cancerous hepatocytes into 
blood (13,14). Although the number of investigated patients is 
four at present, neither viral-marker-positive patients nor a 
healthy volunteer was positive for this analysis. 

When we Investigated the sensitivity of our system by a mixure 
of HuH7 cell(s) with healthy volunteer's blood, only one cell 
was detected at the second PCR. The reasons for this very high 
sensitivity may be ® highly active AFP production by HuH7 
cells (10 B pg/24hour/10 4 cells even in FCS-free medium and the 
original patient's serum AFP level was more than 128000ng/ml) (6) , 
® high activity of HuH7 cells freshly detached from culture dish, 
® relatively low RNase activity of healthy volunteer's blood and 
® "career effect" of blood-derived RNA (compared to highly 
diluted cDNA alone). When we used hepatitis patient blood 
(negative for AFP mRNA by the blood alone) for dilution of HuH7 
cells, one-cell-sample became faintly detectable after the second 
PCR and became clearly visible after the third PCR (data not 
shown) . This may suggest that the four explanations are all 
tenable and that our three-step detection system is highly 
effective. 

At present, no one can rule out the possibility of contamination 
of a few AFP-produclng virus-infected hepatocytes or regenerating 
hepatocytes in the AFP mRNA-positive results, because there is 
no definite and widely-applicable marker to discriminate between 
cancer cells and non-cancerous hepatocytes. But non-cancerous 
hepatocytes are thought to be unable to live long without 



Vol. 57, No. 17, 1995 



Sensitive Capture of Circulating AFP mRNA 



1631 



anchoring, and the AFP mRNA posit ivity was zero among non- 
cancerous patients in the present analysis. Thus, our analysis 
seems to be able to tell a "high possibility" of hematogenous 
dissemination. 

In conclusion, the three-step nested RT-PCR detection of AFP 
mRNA from peripheral whole blood seems to provide direct and 
practically useful information about hematogenous metastasis in 
both pre- and post-operative HCC patients. 
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Objective 

The objective of this study was to analyze the specificity of detecting liver tumor cell 
dissemination by alpha-fetoprotein (AFP) mRNA in peripheral blood. 

Summary Background Data 

Alpha-fetoprotein mRNA has been used for the detection of circulating micrometastatic 
tumor foci of hepatocellular carcinoma (HCC); however, the interpretation of the results has 
been equivocal. 

Methods 

Sixty-four consecutive patients with malignant HCC (n = 20), liver metastases (n = 27), or 
nonmalignant (n = 17) liver diseases undergoing partial or total hepatectomy and orthotopic 
liver transplantation were included in this prospective study from January to July 1995. 
Peripheral blood samples were obtained before surgery, during surgery, and after surgery 
(range, 6-15 months). Total mRNA was extracted from nucleated cells, and cDNA 
synthesis and polymerase chain reaction amplification (nested polymerase chain reaction in 
one tube) were performed with specific AFP primers. 

Results 

Preoperative AFP mRNA was detected in 20 patients (17%), of which 5 of 20 had HCC. 
Intraoperative assessment showed positive AFP mRNA values in a total of 34 patients 
(53%) with various causes, of which 8 of 20 (40%) had HCC, 1 7 of 27 (63%) had other 
malignancies, and 9 of 17 (53%) had nonmalignant diseases. Recurrent tumor in patients 
with HCC occurred in four cases after surgery (range, 6-15 months) and did not correlate 
with AFP mRNA positivity before surgery, during surgery, or after surgery. 

Conclusions 

Alpha-fetoprotein mRNA in peripheral blood is not a specific marker of circulating 
micrometastases from HCC, especially in the context of surgical treatment of HCC. 
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The result with both orthotopic liver transplantation 
(OLT) and hepatic resection with the intent to cure pa- 
tients with hepatocellular carcinoma (HCC) has been 
dismal because of the high rate of recurrence despite 
thorough preoperative screening for extrahepatic dis- 
ease. 1,2 This high incidence of recurrence indicates that 
malignant hepatocytes had entered the circulation either 
before or during surgery, therefore, arguing for some 
type of adjuvant chemotherapy when surgery is required. 
Detection of small numbers of circulating cells and ex- 
amination of tumor markers have advanced with the re- 
finement of molecular biology techniques. These ad- 
vances have been popularized more recently with 
attempts to detect circulating tumor cells before dissemi- 
nation is clinically apparent. 3 " 10 Two markers for circu- 
lating tumoral liver cells have been proposed. One in- 
volves the albumin mRNA 11 " 13 and, more recently, the 
other involves the presence of AFP mRNA in peripheral 
blood, which has been reported to be more specific in 
patients with HCC. 14 " 18 Particularly, these markers have 
been positive in patients with a high grade of HCC or 
with extrahepatic metastases. 15,18 However, the accuracy 
of this "HCC-specific" gene transcript has yet to be 
determined. 

Equivocal interpretations from the previous studies 
concerning markers for circulating HCC cells prompted 
our group to initiate a prospective study of AFP mRNA 
specificity in a large group of consecutive patients under- 
going either partial or total hepatectomy and OLT for 
various tumoral and nontumoral liver diseases. Blood 
samples were taken before and at two different timepoints 
during surgery (during the exploratory phase and after 
hepatectomy) to elucidate the status of AFP mRNA in 
the circulation of patients with malignant or nonmalignant 
liver disease during the course of liver surgery. We hy- 
pothesized that liver surgery would be associated with a 
release of hepatocytes into the bloodstream that could be 
detected using AFP mRNA as the target gene transcript, 
therefore, questioning its potential for clinical use regard- 
ing therapeutic decisions such as intraoperative chemo- 
therapy or in the immediate postoperative period. 

PATIENTS AND METHODS 
Study Population 

Sixty-four consecutive patients with malignant or non- 
malignant liver diseases undergoing partial (n = 45) or 
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total hepatectomy and OLT (n = 19) were included in 
this prospective study from January to July 1995. There 
were 20 patients with HCC (19 men and 1 woman), 2 
with cholangiocarcinoma, 25 with liver metastases (12 
men and 13 women) from colorectal carcinoma (n = 19), 
breast cancer (n = 3), and other types of malignancy (n 
= 3). Thirteen patients without liver tumor confirmed by 
histologic analysis had cirrhosis (11 men and 2 women), 
caused by alcoholism in 8 patients, chronic viral hepatitis 
C infection in 1, alcoholic disease associated with viral 
hepatitis C in 2, primary biliary cirrhosis in 1, and cirrho- 
sis from unknown origin in 1. Four patients had neither 
liver tumor nor cirrhosis but two cases of amyloid neurop- 
athy, one case of porphyria, and one case of focal nodular 
hyperplasia. Diagnosis of HCC was made by ultrasonog- 
raphy or computed tomography, serum AFP, and con- 
firmed by final pathology results after surgical resection. 
Size (Le., maximal diameter of tumor), number of nodules 
in the liver, and total volume of the tumor were calculated 
using imaging and volumetric scanning techniques, in- 
cluding intraoperative ultrasound. Final pathology results 
determined the grade of HCC according to Edmonson 
classification, the presence of portal vein invasion, and 
the Child score for cirrhosis. The control group included 
28 normal, healthy volunteers without liver diseases (14 
men, 14 women; mean age, 30 years). 

The majority of patients with HCC (15/20, 75%) re- 
ceived neoadjuvant chemoembolization, and serum AFP 
levels were normal (<20 ng/mL) at the time of the hepa- 
tectomy in 12 (60%) of 20 patients. Fifteen (56%) of the 
27 patients operated on for liver metastasis from other 
cancers received neoadjuvant chronomodulated chemo- 
therapy according to our institutional protocol. 19 

Alpha-Fetoprotein mRNA Assay 

Peripheral blood samples were obtained before surgery 
and during surgery at two different intervals: the first 
during the exploratory phase and the second after hepatec- 
tomy was completed, using ethylenediaminetetraacetic 
acid as an anticoagulant. All patients surviving the early 
postoperative period (n = 59) were observed 6 to 15 
months after hepatectomy with blood samples obtained 
during routine clinic examination. Sensitivity of our assay 
was determined with human hepatocytes isolated from 
cadaveric multiple organ donors. 20 

Nucleated cells were isolated from peripheral blood 
using tetradecyltrimethylammonium bromide as de- 
scribed elsewhere, 21 and total RNA was extracted from 
the pellet or from cryopreserved liver tissues according 
to our technique reported previously. 22 Special attention 
was given to the choice of AFP primers to avoid cross- 
reaction between albumin and AFP mRNA because they 
present a 50% homology at the mRNA level. The primers 
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Figure 1. Representation of alpha- 
fetoprotein gene, alpha-fetoprotein 
gene transcript, and the position of 
primers used in reverse tran- 
scriptase-polymerase chain reac- 
tion. 
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were designed from the gene sequences of human serum 
alpha-fetoprotein. 23 To avoid false-positive results caused 
by DNA contamination, primers were selected in different 
exons of the AFP gene (Fig. 1). Sequences of primers 
used in the experiment were as follows. The sense primers 
were 5' CAA TTC TTC TTT GGG CTG CTC GCT ATG 
AC 3' (AFP 2) and 5' ATG CAG TTG AAT GCT TCC 
AA 3' (AFP 4), and the antisense primers were 5' AGT 
GTC TTG TTG AGA ACA TAT GTA GGA CAT G 3' 
(AFP 1) and 5' CCA CAT CCA GGA CTA GTT TCT 
3' (AFP 3). The cDNA synthesis and polymerase chain 
reaction (PCR) amplification procedure (nested PCR in 
one tube) were performed as reported already by us. 22 
Size of the amplified products of AFP mRNA was 198 
base pairs. 

Statistical Analysis 

Statistical analysis was performed to determine if the 
influence of the indication for surgery (HCC vs. other 
indications), the surgical procedure itself (partial vs. total 
hepatectomy), and/or the use of neoadjuvant chemother- 
apy could affect detection of AFP mRNA in the circula- 
tion. The test results in the study group of HCC were 
correlated to the incidence of recurrence. Results are pre- 
sented as mean ± standard deviation. Statistical analysis 
was performed with a statistical program (Statistica; Stat- 
Soft, Tulsa, OK) using the chi square test with a signifi- 
cance level set at 0.05. 

RESULTS 

Alpha-Fetoprotein mRNA Assay 
Sensitivity and Control Group 

The sensitivity of our assay, determined in a dilution 
experiment (Fig. 2) using freshly isolated human hepato- 
cytes (10 5 to 10 1 ) in 1 mL whole blood before RNA 



extraction, was approximately 1 hepatocyte for 10 5 pe- 
ripheral mononuclear cells. Alpha-fetoprotein mRNA was 
not detected in the peripheral blood of 28 healthy subjects. 

Preoperative Detection of Alpha- 
Fetoprotein mRNA 

Before hepatectomy, AFP mRNA was detected in the 
blood of 1 1 (17%) of the 64 patients diagnosed with HCC 
(n = 5/20), cholangiocarcinoma (n = 1/2), colorectal car- 
cinoma with liver metastasis (n = 4/25), and chronic ac- 
tive viral C hepatitis infection (n = 1/13). Patients with 
malignant disease and detectable AFP mRNA before hep- 
atectomy (n = 10/47) had received chemotherapy, which 
was stopped 3 to 12 months before surgery (average, 6 



Intraoperative Detection of Alpha- 
Fetoprotein mRNA 

During surgery, a total of 34 (53%) of 64 patients had 
detectable AFP mRNA at either 1 or both sampling inter- 



ning! 




198, }>iif%^ 

Figure 2. Sensitivity of the assay. Sensitivity of our assay was estab- 
lished using dilution of freshly isolated normal hepatocytes (10, 5 10, 4 
10. 3 10, 2 10) in normal blood before total RNA extraction. 
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GROUP 4 



Figure 3. Schematic representation of intraoperative alpha-fetoprot- 
ein (AFP) mRNA profile in patients who are operated on. Group 1 
= patients with no detectable AFP mRNA. group 2 = patients with 
detectable AFP mRNA at both blood samples, group 3 = patients with 
detectable AFP mRNA at the first blood sample only, group 4 = pa- 
tients with detectable AFP mRNA at the second blood sample only. 



vals. Alpha-fetoprotein mRNA was observed in 23 of the 
64 patients during the exploration phase (first intraopera- 
tive blood sample), whereas 10 of these latter patients and 
1 1 others were positive for AFP mRNA after hepatectomy 
(second intraoperative blood sample). Patients could be 
divided in four groups according to their intraoperative 
AFP mRNA profile (Fig. 3). In group 1, the largest (n = 
30), patients had no detectable AFP mRNA during liver 
surgery, including 8 patients who received partial hepa- 
tectomy for HCC. In group 2 (n = 10, including 4 HCC), 
patients had detectable AFP mRNA at both the first and 
the second operative timepoints. In group 3 (n = 13, 
including 4 patients treated for HCC), patient results were 
positive at the first blood sampling and then negative in 
the second. Conversely, in group 4 (n = 1 1, including 4 
patients treated for HCC), patient results were negative 
at the first blood sampling and positive after hepatectomy. 

Correlations Between Alpha-Fetoprotein 
mRNA Test Results and Clinical 
Characteristics 

The presence of detectable intraoperative AFP and 
mRNA was not influenced significantly either by the dis- 
ease or by the type of surgical procedure (Table 1). In 
patients with malignant disease, the presence of detectable 
AFP mRNA did not correlate with the use of neoadjuvant 
chemotherapy (Table 1). The 20 patients with HCC in- 
cluded 4 patients receiving OLT and 16 having partial 
hepatectomy (Table 2). Forty percent of patients with 



HCC had more than one tumor foci, and the majority (n 
= 17, 85%) were encapsulated tumors. None of the tu- 
mors were of the fibrolamellar variety. Hepatocellular 
carcinoma was impossible to grade in 60% of patients 
because of tumor necrosis, whereas in the remaining pa- 
tients, only three were classified as grade III or IV. Vascu- 
lar invasion was present in 50% of the patients examined. 
No AFP mRNA was detected in 40% (n — 8) of patients 
who were operated for HCC (Table 2, Fig. 4). During 
surgery, in 40% of cases, AFP mRNA was detected in 
one of the two intraoperative samples, and four patients 
had detectable AFP mRNA at both sampling points. There 
was no evident relation between the presence of AFP 
mRNA in the blood during surgery and the serum level 
of the tumor marker AFP, the characteristics of the tumor 
(in particular the size and number of tumor foci), and the 
presence of vascular invasion. 

Correlations Between Alpha-Fetoprotein 
mRNA Test Results and Clinical 
Outcome 

Complete follow-up with peripheral blood sampling 
was performed 6 to 15 months after surgery. Eighteen 
(28%) of 64 patients had detectable AFP mRNA (1/17 
nontumor causes, 7/27 secondary metastases, and 10/20 
HCC) during the course of follow-up. The patient who 
had a signal for AFP mRNA without hepatic tumor had 
active chronic viral C hepatitis, whereas in the group of 
patients with metastatic tumor, only two of the four who 
had positive results before surgery remained with positive 
results 8 and 1 1 months after surgery, respectively. In the 
group of patients with HCC, three died in the immediate 
postoperative period, two from terminal liver failure and 
one from primary nonfunction after transplantation. These 
were three patients without detectable AFP mRNA during 
surgery (patient 20; Table 2) or only one positive test 
result during surgery (patients 16, 17; Table 2). The fol- 
low-up available for the 17 surviving patients ranges from 
6 to 14 months (median, 9 months). Ten patients with 
HCC had positive results and seven had negative results 
for AFP mRNA signal after surgery. Among the five 
patients who had a signal for AFP mRNA before surgery, 
only one had a negative result 9 months after surgery 
(patient 1, Table 2). There were three patients without 
detectable AFP mRNA during surgery that remained with 
negative results (patients 1, 2, 11), whereas the results of 
three others became positive during surgery (patients 3, 
12, 14). Two patients in the latter group had recurrent 
viral C hepatitis. In the group of patients that had detect- 
able AFP mRNA during surgery, the results of seven 
remained positive (patients 4, 5, 6, 7, 10, 13, 18), whereas 
the results of four others became negative by subsequent 
testing (patients 8, 9, 15, 19). Finally, four patients 8 ^ 1013 
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Table 1. INFLUENCE OF INDICATION, TYPE OF SURGERY, AND PREOPERATIVE 
CHEMOTHERAPY ON INTRAOPERATIVE ALPHA-FETOPROTEIN mRNA 
IN PERIPHERAL BLOOD* 

Alpha-Fetoproteln mRNA 
Number of Patients 



= 64) Negative (n = 30) Positive (n = 34) 



Indication 




Hepatocellular carcinoma 


20 


Uver metastasis of other cancers 


27 


Nonmalignant liver diseases 


17 


Surgery 




Total hepatectomy and OLT 


19 


Partial hepatectomy 


45 


Chemotherapy 




Yes 


28 


No 


20 



8(40) 


12(60) 


11 (41) 


16(59) 


11 (65) 


6(35) 


14(74) 


5(26) 


17(38) 


28 (62) 


10 (36) 


18(64) 


7(35) 


13(65) 



I NS 



OLT = orthotopic liver transplantation; NS = not significant. 

* Patients were considered negative if no AFP mRNA was detected intraoperativery, positive if AFP and mRNA was detected in at least one of the two intraoperative 
samples. Chemotherapy was performed preoperatively in 28 of 47 patients with malignant liver disease. Statistical analysis was performed using the chi square test 
(significance set at p < 0.05). Values are number (%). 



Table 2. HISTOLOGIC PARAMETERS OF PATIENTS OPERATED FOR 
HEPATOCELLULAR CARCINOMA 



Number 
(size, cm) 

Patient Preoperative of 
Number AFP (ng/mL) C hem ©embolization Tumors* 



Vascular 



AFP mRNA}: 



Capsule Gradef Uver Invasion Pre 1 2 Post Recurrence 



1 


<20 


Yes 


>3 (15) 


No 


II 


NC 


Yes 


+ 








No 


2 


<20 


No 


1 (20) 


Yes 


I 


NC 


Yes 










No 


3 


<20 


Yes 


2(9) 


Yes 


II 


NC 


Yes 








+ 


No 


4 


<20 


Yes 


1(5) 


Yes 


N 


C 


Yes 


+ 


+ 


+ 


+ 


No 


5 


215 


Yes 


1(5) 


Yes 


N 


NC 


No 




+ 




+ 


No 


6 


<20 


Yes 


3(5) 


Yes 


N 


NC 


No 


+ 


+ 




+ 


No 


7 


<20 


No 


1 (1.5) 


Yes 


N 


C 


No 


+ 




+ 


+ 


No 


8 


10,350 


Yes 


1 (6) 


Yes 


III or IV 


C 


No 






+ 




Yes 


9 


694 


Yes 


1 (4.5) 


Yes 


N 


C 


No 






+ ■ 




Yes 


10 


<20 


Yes 


2(4) 


Ruptured 


III 


NC 


Yes 




+ 




+ 


Yes 


11 


99 


Yes 


>3 (14) 


Yes 


II 


NC 


Yes 










No 


12 


<20 


Yes 


2(4) 


Yes 


N 


C 


No 








+ 


No 


13 


2056 


Yes 


2(7) 


Yes 


III 


NC 


No 




+ 


+ 


+ 


Yes 


14 


593 


Yes 


1 (15) 


Yes 


N 


NC 


Yes 








+ 


No 


15 


<20 


Yes 


2(3) 


No 


N 


C 


No 






+ 




No 


16 


40 


No 


1 (3) 


No 


II 


NC 


Yes 




+ 




ND 


Died 


17 


<20 


No 


1(2) 


Yes 


N 


C 


No 








ND 


Died 


18 


<20 


Yes 


1 (6) 


Yes 


N 


C 


Yes 


+ 


+ 


+ 


+ 


No 


19 


<20 


Yes 


K8) 


Yes 


N 


NC 


Yes 




+ 


+ 




No 


20 


<20 


Yes 


1 (10) 


Yes 


N 


C 


No 








ND 


Died 



AFP = Alpna-fetoprotein; N = necrosis; NC = nonciirfiotic; C = cirrhotic; ND = not done. 

* For multiple tumors, the size of the tumor indicated in the parentheses is the size of the largest one. 

t Grade of the tumor was determined according to Edmonson. None of the patients studied had metastases to lymph nodes or distant organs. 
t AFP mRNA was detected during partial hepatectomy or orthotopic liver transplantation (patients 7, 10, 11, and 12) at two time points (exploration phase, 1 ; after 
hepatectomy, 2) and 6-15 months later. 
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9 10 ti 12 

Figure 4. Bectrophoresis pattern of 1 2 randomly chosen patients with 
hepatocellular carcinoma in our series of 20 cases. (A) After partial or 
total hepatectomy (second intraoperative blood sample) and (B) before 
partial or total hepatectomy (first intraoperative blood sample). Detailed 
characteristics of these patients are provided in Table 2. DNA VI = 
size marker, (C) negative control sample. Larger bands correspond to 
residual amplification products of the first polymerase chain reaction 
round. 



had detectable recurrence by abdominal ultrasound, thora- 
coabdominal computed tomographic scan, bone scinti- 
scan, or serum AFP levels. Of these four patients with 
recurrence, all had negative preoperative AFP mRNA val- 
ues, but all had positive values shown during the intraop- 
erative examination. In the immediate postoperative pe- 
riod, the test result was positive in only two of the patients 
with recurrent disease. There was no correlation between 
the incidence of recurrence and the test results before, 
during, and after surgery. 

DISCUSSION 

The results of this prospective study to evaluate AFP 
mRNA in peripheral blood lead us to conclude that this 
is not specific for circulating tumor foci. The use of this 
test, especially in the context of surgical treatment of 
HCC, cannot yet be recommended despite the suggestion 



of others in previous reports that AFP mRNA or albumin 
mRNA could be used clinically as a specific indicator of 
hematogenous dissemination of HCC cells. n ~ 18 We, as 
others, 14,15 examined albumin mRNA in the peripheral 
blood by PCR; however, its presence was shown in all 
control samples tested (n = 28, data not shown), whereas 
none of the control samples using AFP mRNA had tested 
positive. These results give credence to the concept of 
"illegitimate" transcription of the albumin gene in mono- 
nuclear cells. 14 ,5,24 Consequently, the detection of AFP 
gene transcripts seemed to be a valid method to identify 
abnormal liver cells in the circulation and, therefore, the 
possibility to visualize circulating HCC micrometastatic 
foci. None of our control patients had a positive signal 
for AFP mRNA, as also reported previously. 15 

Before surgery, we found a similar rate of detection 
in patients with HCC (25%) than in patients with other 
malignant liver diseases (20%). This is the first report docu- 
menting an association between detectable AFP mRNA in 
the circulation and liver metastases of other cancers. In the 
series of Komeda et al., 18 none of the eight patients with 
metastatic liver cancer exhibited AFP mRNA in the blood, 
although another patient without cancer and chronic active 
viral C hepatitis had a signal for AFP mRNA before sur- 
gery. The presence of AFP mRNA already has been re- 
ported in cirrhosis (0%- 15%) as well as acute and chronic 
hepatitis (0%-75%). IU5 ~ 17 However, if only the preopera- 
tive test results of the nonmalignant patients (17 nonmalig- 
nant liver disease and 28 healthy control subjects) are con- 
sidered, then only 1 of 45 was positive for AFP mRNA. 
The percentage of detectable AFP mRNA before surgery 
in patients with HCC (25%) was lower than that from 
previous results reported by others (36%-52%). 15,18 These 
differences cannot be explained by a lower sensitivity of 
our technique because a reverse transcription followed by 
nested PCR assay in one tube 25,26 is considered the most 
sensitive available (theoretically one abnormal cell for 10 6 ) 
with limited cross-contamination and is perfectly adapted 
to clinical laboratory use. In addition, when compared to 
methods involving preliminary isolation of cells, 12,15,17 our 
processing of blood samples is rapid, easy, and inexpen- 
sive. Furthermore, in our experience, techniques using Fi- 
coll (Pharmacia, Uppsala, Sweden) cell extraction or dex- 
tran-based technique described by Matsumura et al. 16 ob- 
tained approximately ten times lower sensitivity than with 
tetradecyltrimethylammonium bromide (data not shown). 
Differences in AFP mRNA results in patients with HCC 
are more likely explained by the characteristics of patients 
examined, because in our report, only 3 patients (15%) had 
HCC grade HI or IV, 12 other patients showed total tumor 
necrosis, thus rendering it impossible to grade, and no 
patient had known extrahepatic disease. This suggests that 
in these patients, few or no intact tumor cells would be 
circulating in the bloodstream. The fact that most patients 
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(75%) had received neoadjuvant arterial chemotherapy be- 
fore surgery could explain why AFP serum levels were 
normal (<20 ng/mL) in many patients (65%). Although 
all of these factors individually might influence the poten- 
tial for dissemination and subsequent detection of AFP 
mRNA, this has yet to be elucidated completely. In the 
series by Komeda et al., 18 the presence of AFP mRNA in 
peripheral blood clearly was related to the stage of the 
disease (10% in stages I and II, 30% in stage IE, and 77% 
in stage IV). However, the use of AFP mRNA as a marker 
of tumor dissemination would be useful if the tumor is at 
a stage when it is still considered curable, such as with 
stage I and II disease when AFP levels still are presumably 
at low levels in the group of patients examined in our 
series. The use of AFP mRNA in patients with late-stage 
(stage IV) disease seems elaborate considering that even 
if specific for metastases, this information most likely 
would be ascertained by more conventional clinical im- 
aging methods. The subset of patients who theoretically 
would benefit would be at clinical stage I or II disease 
with positive AFP mRNA results, which then would alter 
the clinical therapeutic decision in the form of treatment 
rendered. 

In our group of 64 consecutive patients undergoing ei- 
ther partial or total hepatectomy, detection of AFP mRNA 
in peripheral blood intraoperatively was possible in 53%, 
regardless of the disease. Detectable AFP mRNA could 
not be explained by the surgical indication (60% for HCC 
vs. 59% for liver metastases), and no significant differences 
were observed between partial or total hepatectomy (62% 
vs. 26%). In addition, the use of neoadjuvant chemotherapy 
(64% vs. 65%) and total or partial vascular exclusion of 
the liver during hepatectomy (data not shown) did not 
affect significantly the incidence of detecting AFP mRNA 
in peripheral blood. Our results suggest that liver manipula- 
tion clearly leads to hematogenous spread of cells from 
liver origin, which can be detected by AFP mRNA. The 
release of cancer cells has been shown during tumor resec- 
tion by immunocytochemical techniques and PCR in breast 
cancer, 7 colorectal cancer, 27 and primary renal cancer. 28 
Similarly, chemotherapy has been shown to induce a re- 
lease of circulating AFP mRNA-positive cells in the circu- 
lation in small groups of patients with HCC. 18 Alpha-feto- 
protein gene transcripts are found not only in HCC cells, 
but also in normal liver cells 11 ; therefore, the malignant 
origin of the detected cells cannot be established or ruled 
out. Surprisingly, AFP mRNA signal fluctuates rapidly 
during the course of liver surgery. For example, patients 
in group 3 have a release of hepatocytes at the time of the 
first blood sample but not at the second endpoint, theoreti- 
cally the most traumatic period. These results concur with 
other experimental 25,26 and clinical data 27,28 suggesting that 
release of abnormal cells in the circulation, either spontane- 
ously or secondary to surgical manipulation, is an intermit- 
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tent and transient phenomenon. As a result, detection of 
AFP mRNA might instead be dependent on the timing of 
the peripheral blood sampling, which further indicates the 
high likelihood of a "sampling error" during surgery. 

During follow-up, 17 (27%) of 64 had positive AFP 
mRNA signals, of which 3 had chronic active viral C 
hepatitis. Follow-up results of patients operated on for 
breast cancer 7 or after chemotherapy for HCC 18 have 
shown that previously positive samples failed to show tar- 
get gene expression 24 hours and 7 days after treatments, 
respectively. Analysis of HCC in our series shows ten 
with positive signals, whereas three had negative signals 
intraoperatively. Subsequendy, only four patients with 
HCC had recurrent disease diagnosed; however, only two 
of these patients tested positive for AFP mRNA. The sensi- 
tivity and specificity of this test for clinical decisions, espe- 
cially regarding therapy, were low (50% and 36%, respec- 
tively) with a predictive value of only 18%. This is contrary 
to previous studies because in only one report, disease 
recurrence occurred in three patients when albumin mRNA 
was measured in the peripheral blood of nine patients with 
HCC (stages II and IV) after OLT. 12 It cannot be overem- 
phasized that reports of illegitimate transcription have been 
well documented with the use of albumin mRNA 14,13,24 
since the test was described initially. 11,12 These results indi- 
cate that the malignant origin of detected circulating cells 
cannot be established by AFP mRNA that fluctuates over 
time, thus could represent a * 'sampling error." Therefore, 
the prognostic value of intraoperative circulating cancer 
cells shows both low sensibility and specificity. 

The current study does reflect the inaccuracy of using the 
AFP mRNA as a biologic marker for detecting circulating 
tumor micrometastases in HCC and, therefore, the AFP 
gene cannot be considered an "HCC-specific" gene. Thus, 
suggesting different treatment options for patients with in- 
traoperative detection of AFP mRNA cannot be advocated, 
and further studies are necessary to isolate certain genetic 
markers, which are specific for micrometastatic foci of 
HCC. Rather than the use of "tissue-specific" genes, po- 
tential approaches for the detection of micrometastases in- 
clude the identification of "metastatic" genes, which are 
expressed only in metastatic cells such as the one coding 
for CD44, a glycosylated cell surface adhesion molecule, 
or the detection of an "HCC-specific" form of serum AFP. 
Until an accurate test is devised, it would be imprudent to 
attempt clinical application of AFP mRNA in the detection 
of micrometastatic foci. 
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We attempted to detect circulating hepatocellular 
carcinoma by demonstrating hep atocyte- associated 
mRNA in the nuclear cell component of peripheral 
blood using nested reverse transcript ion-polymer ase 
chain reaction because of the extremely small number 
of tumor cells in the circulation. Albumin mRNA was 
demonstrated not only in the liver tissue (hepatocytes) 
and HepG2 cells but also in nuclear cells of the blood 
from normal healthy volunteers (neutrophils and lym- 
phocytes) by reverse transcription-polymerase chain 
reaction. In contrast, a-fetoprotein mRNA was demon- 
strated in the liver tissue, as well as in HepG2 cells, but 
not in peripheral blood of normal healthy volunteers, 
indicating the possibility of using a-fetoprotein mRNA 
for detection of benign and malignant hepatocytes 
among the population of neutrophils and lymphocytes. 
a-Fetoprotein mRNA in peripheral blood was detected 
in 17 of 33 cases of hepatocellular carcinoma (52%), 
2 of 13 cases of cirrhosis (15%) and 2 of 17 cases of 
chronic hepatitis (12%). a-Fetoprotein mRNA was not 
demonstrated in 26 cases of normal healthy volunteers 
(0%). Among the patients with hepatocellular car- 
cinoma, total volume of tumor tissue, maximum size of 
tumor and serum a-fetoprotein level were markedly 
increased in the patients with a-fetoprotein mRNA in 
blood. In addition, a-fetoprotein mRNA was detected in 
the blood of all 6 patients showing metastasis at 
extrahepatic organs (100%), in contrast to 11 of 27 
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cases without metastasis (41%). From these results, we 
conclude that the presence of a-fetoprotein mRNA in 
peripheral blood may be an indicator of circulating 
malignant or benign hepatocytes, which might predict 
hematogenous spreading metastasis of tumor cells in 
patients with hepatocellular carcinoma. (Hepatology 
1994;20:1418-1425.) 

HCC often develops in patients with chronic hepatitis 
and cirrhosis in association with HCV or HBV infection. 
The number of patients with HCC in association with 
HCV infection has increased recently, and the incidence 
of HCC among patients with cirrhosis is more than 
6%/yr (1). 

HCC is detected with several imaging techniques such 
as ultrasonography, abdominal angiography and com- 
puted tomography. HCC patients undergo medical and 
surgical treatments such as resection of the liver lobule 
(2), transarterial embolization (3) and percutaneous 
ethanol injection therapy (4). However, intrahepatic or 
extrahepatic metastasis to lung, bone and adrenal glands 
is frequently found; this is an indicator of poor prognosis 
in these patients (5). In recent years, liver transplan- 
tation has frequently been performed in patients with 
cirrhosis at an advanced stage, but these patients 
sometimes have HCC. However, extrahepatic metastasis 
of HCC reduces the beneficial effects of liver transplan- 
tation (6). Therefore early detection of micrometastasis 
of HCC could be a tool useful in selection of patients with 
HCC for liver transplantation. However, it is very 
difficult to demonstrate circulating malignant cells in 
blood morphologically; the number of malignant cells in 
the circulation is extremely small. 

Recent studies have reported that tumor-specific 
genes are used to detect tumor cells in the circulation (7, 
8). In relation to the biology of hepatocytes and HCC, 
these cells are known to produce albumin, AFP or both 
(9, 10). Therefore the detection of these hepatocyte- 
associated mRNAs in nuclear cell components of pe- 
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Table 1. Patient profiles 


Characteristics 


HCC 


Liver cirrhosis 


Chronic hepatitis 


Control 


No. of patients 


33 


13 


17 


26 


Age {yrf 


63 ± 9 (33-84) 


65 ± 8 (45-75) 


47 ± 12 (27-61) 


57 ± 16 (33-83) 


Sex (M/F) 


26:7 


7:6 


15:2 


18:8 


v uui Beroiogicoi iucir s.cra 










HBs Ag positive 


6 


2 


0 


0 


HCV Ab positive 


24 


7 


17 




HBs Ag, HCV antibody negative 


3 


4 


0 


26 


Child classification 










A 


3 


6 






B 


18 


4 






C 


12 


3 







°Data expressed as mean = S.D. (range). 



ripheral blood may indicate the presence of circulating 
malignant or benign hepatocytes. 

Human albumin (11) and AFP (12) genes, consisting 
of 14 exons tandemly located at the fourth chromosome, 
are 19 and 17 kb long, respectively. The expression of 
these genes is regulated by variable mechanisms such as 
colloid osmotic pressure through the modulation of the 
promoter activities of these genes (13). AFP, an on- 
cofetal protein, is synthesized mainly in hepatocytes of 
fetal liver and yolk sac, and AFP production by hepato- 
cytes is rapidly reduced from the time of birth in inverse 
proportion to an increased synthesis of albumin (10, 14). 
AFP mRNA has lately been detected in tumor tissue of 
HCC but not in nontumorous tissue, and its gene 
expression is reported to be modulated by hypomethyl- 
ation of the AFP gene (15). Hitherto, increased serum 
AFP concentration, a tumor marker in patients with 
HCC, is used in screening for HCC (16), but it cannot 
predict metastasis of HCC. The presence of circulating 
HCC cells, which may be released from tumor foci into 
the circulation, could be an indicator of hematogenous 
spread of tumor cells leading to extrahepatic metastasis 
of HCC. 

In this study, in an attempt to demonstrate the 
possibility of hematogenous metastasis of HCC, we tried 
to detect circulating HCC, which might be released from 
tumor foci into the circulation, by detecting the hepa- 
tocyte-associated mRNA (albumin or AFP mRNA) in the 
nuclear cell component of peripheral blood using nested 
RT-PCR. 

PATIENTS AND METHODS 

Patients, Thirty-three patients with HCC (26 men and 7 
women), 13 cases of cirrhosis (7 men and 6 women) and 17 
cases of chronic hepatitis (15 men and 2 women), admitted at 
our hospital between September 1992 and June 1993, were 
examined. As controls, 26 age-matched normal, healthy vol- 
unteers without liver diseases (18 men and 8 women) were 
selected. HBsAg and HCV antibody in serum were assayed 
with the Reversecell kit (Yamanouchi Pharmaceutical Com- 
pany Ltd., Tokyo, Japan) and with the HCV PHA Dainabot kit 
(Dainabot, Tokyo, Japan), respectively. As indicated in Table 1, 
HCV antibody was found in more than 50% of the patients with 
chronic hepatitis, cirrhosis and HCC, but HBsAg was detected 
in fewer than 20%. Diagnosis of HCC was made by ultrasonog- 



raphy or computed tomography and confirmed by histology of 
tumor tissue. Size (maximum diameter of tumor), the number 
of tumor foci in the liver and total volume of tumor tissue were 
calculated with several imaging techniques. Diagnosis of 
cirrhosis and chronic hepatitis was made on the basis of liver 
histology, as well as clinical data. Blood was collected from a 
peripheral vein in a disposable syringe containing 0.1% EDTA 
before transarterial embolization, percutaneous ethanol in- 
jection therapy or both. 

In addition, blood was collected from the hepatic vein, aorta 
and inferior vena cava during cardiac catheterization in 15 
patients with ischemic heart diseases. Among these patients, 
one had cirrhosis, one had chronic hepatitis in association with 
HCV infection and two had fatty liver (slightly increased 
AST/ALT concentrations in serum). 

Informed consent was obtained from each patient, and the 
study protocol conformed to the ethical guidelines of the 1975 
Declaration of Helsinki, as reflected in a priori approval by the 
institution's human research review committee. 

Preparation of Nuclear Cells from Peripheral Blood. Five 
milliliters of blood was mixed with 1 ml of 5% dextran-saline 
solution and left to set for 30 min at room temperature to yield 
erythrocyte sediment (17). Supernatant was collected and 
centrifuged at 500 g for 25 min. The cells were then mixed with 
autoclaved, distilled water for lysis of residual erythrocytes. 
We then restored isotonicity by adding the same volume of 
1.8% NaCl solution after 25 sec. After centrifugation at 350 g, 
the cells were immediately frozen with liquid nitrogen and 
stored at - 80° C until use. 

Liver Specimens and Cell Line of Hepatocytes. Normal liver 
tissue was obtained from autopsied liver. HepG2 cell line (a gift 
from Dr. Makoto Noda in Riken Cell Bank; RCB459) was 
maintained in Dulbecco's minimal essential medium (Gibco- 
BRL, Grand Island, NY) containing 10% fetal calf serum 
(Gibco-BRL). 

Extraction ofRNA. RNA was extracted from blood nuclear 
cells, liver tissue and HepG2 cells by use of RNAzol B (Biotecx 
Laboratories, Houston, TX) according to the manufacturer's 
protocol. RNA was then dissolved in DEPC-treated water and 
stored at - 80° C until use. 

Synthesis of cDNA. One microgram of RNA, which was 
heated at 95° C for 5 min and cooled rapidly on ice, was diluted 
at a volume of 10 pi containing 50 mmol/L Tris-HCl (pH 8.3), 
75 mmol/L KC1, 3 mmol/L MgCl 2 , 10 mmol/L dithiothreitol, 
0.25 M-g hexamer random primer (Takara Biochemicals, Kyoto, 
Japan), 18 units of RNAse inhibitor (Takara Biochemicals) and 
200 units of M-MLV reverse transcriptase (Gibco-BRL). cDNA 
was synthesized by means of incubation at 42° C for 60 min. It 
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Table 2. Detection of AFP mRNA in nuclear cells of peripheral blood 

AFP mRNA in blood 

Group No. Positive Negative % Positive 



HCC 



TOTAL 


33 


17 


16 


52%° 


HBs Ag positive 


6 


4 


2 




HCV Ab positive 


24 


11 


13 




HBs Ag, HCV antibody negative 


3 


2 


1 




Cirrhosis 










TOTAL 


13 


2 


11 


15% 


HBs Ag positive 


2 


1 


1 




HCV Ab positive 


7 


0 


7 




HBs Ag, HCV antibody negative 


4 


1 


3 




Chronic hepatitis 










TOTAL 


17 


2 


15 


12% 


HBs Ag positive 


0 


0 


0 




HCV Ab positive 


17 


2 


15 




HBs Ag, HCV antibody negative 


0 


0 


0 




Healthy volunteers 


26 


0 


26 


0% 



°p < 0.05 vs. other groups (x 2 test). 



was then heated at 95° C for 10 min for inactivation of reverse 
transcriptase, cooled rapidly and stored at - 20° C until use for 
the first PCR. 

Sequence of Primers Used in Nested PCR. Sequences of 
primers used in the experiment were as follows. The primers 
for albumin gene (11) were 5 ' - AG AAAGT ACCCC AAGTGT- 
CAA-3' (no. 9) (nucleotides 14997 to 15017), 5'-AGCTGCGA- 
AATCATCCATAAC-3' (no. 10) (nucleotides 17019 to 16999) 
for outer primers and 5-ACTATCTATCCGTGGTCCTGA-3' 
(no. Nl) (nucleotides 15111 to 15115, 15534 to 15549), 
5'-TCTTGATTTGTCTCTCCTTCT-3' (no. N2) (nucleotides 
15750 to 15730) for inner primers. 

The primers for AFP gene (12) were 5 -CTCTTCCAG- 
CAAAGCACACTTC-3 ' (no. 7) (nucleotides 15300 to 15320) 
and 5' -CTCTTCAGCAAAGCAGACTTC-3' (no. 8) (nucleo- 
tides 18481 to 18461) for outer primers and 5'-GCTGACAT- 
TATTATCGGACAC- 3' (Ml) (nucleotides 16985 to 17005) 
and 5 ' - AGCCTC AAGTTGTTCCTCTGT-3 ' (M2) (nucleotides 
18406 to 18386) for inner primers. 

We checked integrity of blood RNA by amplifying 0-globin 
mRNA (18) with primers 5'-ACCCAGAGGTTCTTTGAG- 
TC-3' (no. 26) (nucleotides 295 to 314) and 5'-TCTGATAG- 
GCAGCCTGCACT-3' (no. 27) (nucleotides 1426 to 1407). 

The sense and antisense primers described above were 
selected from different exons so that we might distinguish 
amplification of RNA from contaminating DNA. 

Nested PCR. Ten microliters of cDNA solution was mixed 
with 40 \i\ of the PCR reaction mixture containing 50 mmol/L 
Tris-HCl (pH 8.3), 44 mmol/L KC1, 1.1 mmol/L MgCl 2 , 0.013% 
gelatin, 12.5 pmol of each primer (nos. 7 and 8, 9 and 10 and 
26 and 27) and 1 unit Taq DNA polymerase (Ampli Taq; 
Takara Biochemicals). The reaction mixture was overlaid with 
50 ixl of mineral oil (Sigma Chemical Co., St. Louis, MO) and 
heated at 93° C for 5 min. It was subjected to a total of 25 cycles 
of heating at 93° C for 30 sec, 54° C for 45 sec and 72° C for 45 
sec with a thermal cycler (Gene Amp PCR system 9600; 
Perkin-Elmer Cetus, Norwalk, CT). The reaction cycle was 
terminated by heating at 72° C for 7 min and cooling at 4° C. 
Five microliters of amplified product using albumin and AFP 
primer was then used in the second PCR. 

Five microliters of the amplified sample was mixed with 5 \l\ 
of second PCR buffer (100 mmol/L Tris-HCl (pH 8.3), 500 



mmol/L KCl, 10 mmol/L MgCl 2 , 100 ng/ml gelatin), containing 
12.5 pmol of each inner primer (Ml and M2, Nl and N2) and 
1 unit of Taq DNA polymerase. It was then diluted to a volume 
of 50 ul with distilled water. The reaction cycle was the same 
as that used in the PCR, except that annealing temperature 
was 52° C when Nl and N2 were used as primers. 

The PCR products were subjected to electrophoresis on 3% 
agarose gels and stained with ethidium bromide. The amplified 
products of albumin, AFP and p-globin were 222, 282 and 283 
bp, respectively. 

Statistics. Each value is expressed as the mean ± S.E.M. 
unless otherwise stated. Statistical analysis was performed 
with the Mann-Whitney U test or the x 2 test. A p value less 
than 0.05 was considered significant. 

RESULTS 

Demonstration of Albumin and AFP mRNA in Liver 
Tissue and Peripheral Blood. As indicated in Figure 1, 
albumin mRNA was demonstrated not only in liver 
tissue and HepG2 cells but also in blood nuclear cells 
isolated from normal healthy volunteers. In contrast, 
AFP mRNA was detected in liver tissue and HepG2 cells 
but not in blood nuclear cells of healthy volunteers. 

Detection of Albumin and AFP mRNA in Nuclear 
Cells of Peripheral Blood from Patients with Liver 
Diseases. Albumin mRNA was demonstrated in the 
blood of all normal, healthy volunteers and all patients 
with liver diseases. In contrast, as indicated in Figure 2 
and Table 2, AFP mRNA in peripheral blood was 
detected in 17 of 33 cases of HCC (52%), 2 of 13 cases of 
cirrhosis (15%) and 2 of 17 cases of chronic hepatitis 
(12%) but not in any of 26 healthy volunteers. The 
detection rate for AFP mRNA in blood was significantly 
increased in patients with HCC compared with that in 
patients with cirrhosis or chronic hepatitis, or with 
normal healthy volunteers (each, p < 0.05). However, 
the detection rate for AFP mRNA in blood was not 
significantly different among the HCC patients with 
different serological viral markers. 
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FIG. 1. Albumin and AFP mRNA in nuclear cells of peripheral blood, 
liver tissue and HepG2 cells as detected with nested RT-PCR. Albumin 
mRNA was detected in blood, as well as in liver tissue and HepG2 cells, 
whereas AFP mRNA was detected in liver tissue and HepG2 cells but 
not in blood. Demonstration of p-globin was performed as a control of 
RT-PCR Lanes 1 to 4: nuclear cells of peripheral blood (PBNC) from 
healthy volunteers; lane 5: liver tissue; lane 6: HepG2 cells. 

Detection of Albumin and AFP mRNA in the Nuclear 
Cells of the Blood Collected at Hepatic Vein, Aorta and 
Inferior Vena Cava. During cardiac catheterization in 
15 patients with ischemic heart disease, blood was 
collected at the different sites. Albumin mRNA was 
demonstrated in nuclear cells of all the blood collected at 
different sites. However, as indicated in Table 3, AFP 
mRNA was detected in five cases at the hepatic vein and 
in one case at the inferior vena cava. Among these 15 
patients, 1 was a patient with cirrhosis, 1 had chronic 
hepatitis in association with HCV infection and 2 had 
fatty liver. Among these 4 cases of liver disease, three 
had AFP mRNA in blood at the hepatic vein, and one 
patient with cirrhosis only had AFP mRNA in blood 
from the inferior vena cava. On the other hand, AFP 
mRNA in blood at hepatic vein was detected in only 2 
cases of 11 cases without abnormal liver function, but 
AFP mRNA was not demonstrated in the blood at aorta 
and inferior vena cava in these 11 cases. 

Characteristics of the HCC Patients with AFP mRNA 
in Peripheral Blood. Characteristics of the hepatocel- 
lular carcinoma patients with AFP mRNA in peripheral 



123 4567 


8 9 




f%m 1 AFP 






283 bp 


8 -fllobln 











Fic. 2. Demonstration of AFP mRNA in blood of patients with HCC. 
Lanes 1 to 3: HCC with extrahepatic metastasis; lanes 4 to 7: HCC 
without extrahepatic metastasis; lane 8: liver tissue (positive control); 
lane 9: negative control of nested RT-PCR (DEPC-treated water was 
added to sample instead of RNA). 



blood were clarified in relation to tumor size, number of 
tumor foci, total volume of tumor tissue in the liver, 
serum AFP concentration and presence of extrahepatic 
metastases. 

In the cases with several tumor foci in the liver, the 
largest tumor was noted. AFP mRNA in blood was 
detected in seven of eight cases (87%) of HCC showing 
diffuse or large tumors occupying both lobes of the liver. 
As indicated in Figure 3, tumor diameter in the liver was 
significantly increased in the HCC patients with AFP 
mRNA in blood (8.1 ± 4.2 cm in diameter), when 
compared with the patients without AFP mRNA in the 
circulation (3.6 ± 2.8 cm in diameter) (p < 0.05). When 
the patients were divided into two groups according to 
diameter of tumor foci, the incidence of AFP mRNA in 
blood was markedly increased in the patients with HCCs 
5 cm or more in diameter (14 of 17 cases [82%]) 
compared with those less than 5 cm in diameter (3 of 16 
cases [19%]) (p < 0.05; X 2 test). 

Although the number of tumor foci was not signifi- 
cantly different between the groups with AFP mRNA 
detected and undetected group (3.8 ± 2.3 vs. 3.3 ± 2.1 
foci, respectively) (Fig. 4), AFP mRNA in blood was 
detected in 9 of 15 cases (60%) of HCCs showing four or 
more tumor foci in the liver. In contrast, AFP mRNA 
was detected in 8 of 18 cases (44%) with fewer than 4 
tumor foci (Fig. 4). Although there is a tendency toward 
an increased detection rate of AFP mRNA in the 
peripheral blood of patients with four or more tumor 
foci, it is not significantly compared with cases with 
fewer than four tumor foci in the liver. 

We calculated total volume of tumor tissue by adding 



1422 MATSUMURA ET AL. 



Hepatokogy December 1994 



i 



mean ±. SE 



•••••• 

• ••• 



> 



£ >6 
* 5 

o 
o 



o 
E 



& 

E 

3 



• •••• 



mean ±. SE 



• ••• 



> 12 

CO 

o 10 

i! 

<5 

O E 5 

CO 

N w 
(7) 



AFP mRNA (+) AFP mRNA (-) 

Pig. 3. Characteristics of patients with HCC in relation to size of 
tumor foci in the liver. Tumor size in the patients with AFP mRNA in 
blood was significantly larger than in those without AFP mRNA in 
blood (p = 0.041; Mann-Whitney U test). 



AFP mRNA (♦) AFP mRNA <-) 

Fig. 4. Characteristic of patients with HCC in relation to the 
number of tumor foci in liver. There was a tendency toward an 
increased number of tumor foci in the patients with AFP mRNA in 
blood compared with that in patients without AFP mRNA, but it was 
not significant (p = 0.584, Mann-Whitney U test). 



Table 3. Detection of AFP mRNA in blood collected at different sites 



Patient no. Hepatic vein Aorta Inferior vena cava Liver disease 



1 




ND 


+ 


Alcoholic cirrhosis 


2 


+ 






Chronic hepatitis (HCV antibody positive) 


3 


+ 






Fatty liver (ALT, 50 U/L) 


4 








Fatty liver (ALT, 45 U/L) 


5 


T 








6 


+ 








7 










8 










9 










10 










11 










12 










13 










14 










15 











ND, not determined. 



all tumor volume detected with ultrasonography, com- 
puted tomography or both. As indicated in Figure 5, total 
volume of tumor tissue in the patients with AFP mRNA 
in blood (441 ± 103 cm 3 ) was significantly larger than 
those in patients without AFP mRNA in the circulation 
(87 ± 49 cm 3 ) (p < 0.05). 

AFP concentration in serum was significantly in- 
creased in HCC patients with AFP mRNA in blood 
(62,738 ± 7,031 ng/ml) compared with patients without 
AFP mRNA in peripheral blood (536 ± 240 ng/ml) (Fig. 
6) (p < 0.05; Mann-Whitney U test). 

Extrahepatic metastasis was detected by means of 
imaging techniques such as scintigraphy or computed 
tomography or on postmortem examination. Extrahe- 
patic metastases were demonstrated in 6 patients among 
17 cases with AFP mRNA but not in 16 patients without 
AFP mRNA in peripheral blood (p < 0.05; x 2 test) (Fig. 
6). When the patients were classified according to the 
presence or absence of extrahepatic metastases, AFP 
mRNA was detected in the blood of all six patients with 



extrahepatic metastasis, in contrast to 11 of 27 patients 
without extrahepatic metastases (p < 0.05; x 2 test ) 
(Table 4). 

DISCUSSION 

Because metastasis of carcinoma is one of the most 
important factors affecting prognosis, extensive trials to 
detect cancer metastasis have been carried out with 
tumor-associated genes or proteins. Hematogenous me- 
tastases of colon cancer and melanoma are demon- 
strated by staining of the tumor-specific epithelial 
cytokeratin protein (cytokeratin 18) in bone marrow 
(19) and the presence of transcription of tyrosinase gene 
in the circulation (20), respectively. In addition, tumor- 
specific genes such as bcr-abl hybrid for chronic my- 
elogenous leukemia (7) and mutation of K-ras codon 12 
for pancreatic cancer (8) are also used for detection of 
tumor cells in the circulation. 

The presence of circulating tumor cells is known to be 
an indicator of hematogenous spread of tumor cells 
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FlG. 5. Characteristics of patients with HCC in relation to total 
volume of tumor tissue. Total volume of tumor tissue in patients with 
AFP mRNA in blood was significantly larger than that in patients 
without AFP mRNA in blood (p = 0.009, Mann-Whitney U test). 



leading to metastasis at other organs. An enhanced 
serum AFP concentration is used for a screening of HCC 
(16) but does not reflect the presence of circulating 
tumor cells. Therefore an increased AFP concentration 
in serum cannot directly predict metastasis of HCC. In 
this study, we tried to demonstrate circulating HCC 
cells, which may be released from tumor foci into the 
circulation, by detecting the hepatocyte- or HCC-asso- 
ciated mRNA in the nuclear cell component of peripheral 
blood using nested RT-PCR because the number of 
circulating malignant cells is too low. In the preliminary 
experiments, we tried to demonstrate circulating HCC 
morphologically after collecting nuclear cells with a 
cytospinner and staining them by use of immunohis- 
tochemistry but failed. 

Because albumin is known to be produced by hepato- 
cytes (9), we tried to examine the presence of albumin 
mRNA in peripheral blood of normal healthy volunteers 
as a negative control. However, albumin mRNA was 
detected not only in liver tissue and HepG2 cells but also 
in the nuclear cell component of peripheral blood from 
normal volunteers on nested RT-PCR, suggesting that 
tiny amounts of albumin message are transcribed in 
nuclear blood cells such as lymphocytes and neutrophils. 
These results are consistent with the report of McLeod 
et al. (21), which indicated that albumin mRNA is 
detected not only in the liver but in several other 
organs— such as testis, uterus, placenta and yolk sac in 
rats -by RT-PCR. Therefore it is not rational to use 
albumin mRNA for detecting a small amount of circu- 
lating HCC with nested RT-PCR, and these results could 
prove wrong an earlier report stating that transcription 
of albumin mRNA is a marker of the presence of HCC 
cells (22). Although the albumin mRNA may be tran- 
scribed by neutrophils, lymphocytes or both, there is an 
another possibility: that there are circulating hepato- 
cytes expressing albumin mRNA, but that the lack of 
AFP mRNA in peripheral blood of such individual may 
be due to the inability of normal hepatocytes to tran- 
scribe AFP mRNA. 
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Fig. 6. Characteristics of patients with HCC in relation to serum 
AFP concentration. Serum AFP concentration was significantly 
increased in the patients with AFP mRNA in blood compared with 
patients without AFP mRNA in blood (p = 0.040, Mann-Whitney U 
test). Extrahepatic metastasis was detected in 6 of 17 patients with 
AFP mRNA but not in the patients without showing AFP mRNA in 
peripheral blood (p < 0.05, x a test). Each S.E.M. value was calculated 
with the arithmetric mean instead of the geometric mean. Solid circles 
denote patients with extrahepatic metastasis; open circles denote 
patients without. 



We, then, sought AFP mRNA for detection of HCC 
in peripheral blood. AFP mRNA was detected in liver 
tissue and HepG2 cells but not in peripheral blood, 
even on nested RT-PCR. Because AFP mRNA was not 
demonstrated in the blood of normal healthy volun- 
teers, AFP mRNA in peripheral blood may have in- 
dicated the presence of hepatocytes/HCC cells in the 
circulation. AFP mRNA was detected in the circulation 
of 52% of patients with HCC and in that of 15% and 
12% of patients with cirrhosis and chronic hepatitis, 
respectively. The presence of AFP mRNA in a small 
number of patients with chronic hepatitis or cirrhosis 
may have been related to the fact that increased serum 
AFP concentrations are found in patients recovering 
from acute hepatitis or acute exacerbation of chronic 
hepatitis (23) and that a few injured or necrotic 
hepatocytes may have entered the circulation in these 
cases. To approach this possibility, we collected blood 
at different sites during cardiac catheterization. AFP 
mRNA in the blood of hepatic vein was demonstrated 
in 3 of 4 patients with liver diseases but in only 2 of 
11 cases without liver diseases. However, AFP mRNA 
in the blood of inferior vena cava was detected in one 
case with cirrhosis only. These data suggest that 
injured or necrotic hepatocytes released into the cir- 
culation may be detected in blood taken at the hepatic 
vein. Because these cells might be removed from the 
circulation by macrophages in the lung, AFP mRNA 
was not any more detected at aorta or at inferior vena 
cava. However, many injured hepatocytes were released 
from the liver and spilled into the circulation after 
passage through the lung, AFP mRNA could be de- 
tected in peripheral blood. 

We then examined the characteristics of the patients 
with HCC who showed AFP mRNA in peripheral blood. 
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Table 4. Characteristic of patients with HCC in relation to extrahepatic metastasis 







AFP mRNA 


in peripheral blood 




Metastasis 


No. 


Positive 


Negative 


% Positive 


Present 


6 


6 


0 


100° 


Absent 


27 


11 


16 


41 



°p < 0.05 vs. those without metastasis (x 2 test). 



The incidence of AFP mRNA in blood was significantly 
increased in association with the size of tumors and 
serum AFP concentration. In addition, extrahepatic 
metastasis was demonstrated only among the patients 
showing AFP mRNA, not in the patients without AFP 
mRNA in peripheral blood. These results may have 
indicated that tumor cells were released from tumor foci 
into the circulation when tumor size increased. Fur- 
thermore, detection of AFP mRNA in blood may reflect 
the presence of HCC/hepatocytes in the circulation, 
which could lead to extrahepatic metastasis. On the 
other hand, serum AFP levels may not reflect the 
existence of extrahepatic metastasis but may be useful 
only in screening of HCC (16). 

AFP mRNA was found in the peripheral blood of all 
cases (100%) of HCC with extrahepatic metastases and 
in 41% of the patients without extrahepatic metastases. 
These results could indicate that detection of AFP 
mRNA in peripheral blood is a useful marker to select 
the patients in whom extrahepatic metastases might de- 
velop, although further study of these patients will be 
necessary to determine whether extrahepatic metas- 
tases develop in the near future. 

The efficacy of tumor metastasis is considered to 
depend on the balance between selected properties of 
tumor cells and reactivity of the host (24). In the 
process of metastasis, tumor cells are scattered from 
the original site, spreaded hematogenously, arrested at 
the small vessels and extravasated from the vessels. 
During these processes, tumor cells are attacked and 
destroyed by immunologically responsive cells (25) or 
by mechanical force. Thus, a moderate number of 
circulating tumor cells is needed to form foci of mi- 
crometastasis in vivo (26). Therefore the detection of 
cancer cells in blood does not always reflect the ex- 
istence of metastatic foci. Moreover, metastatic foci at 
other organs may be too small to be detected, in some 
cases, with the imaging techniques used. Because the 
presence of micrometastases of HCC at other organs 
leads to poor prognosis in patients with HCC even after 
transplantation of the liver (6), prediction of microme- 
tastasis on the basis of detection of circulating HCC 
(AFP mRNA in blood) before liver transplantation 
could be a useful tool for the selection of transplant 
recipients. 
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SUMMARY: The sensitivity of RT-PCR and nested RT-PCR for detection of 
circulating hepatocellular carcinoma was assessed by demonstrating the tumor 
cell-associated gene transcription, alpha-fetoprotein mRNA, in the nuclear cells of 
peripheral blood. When HepG2 cells were mixed in blood, 100-1000 tumor 
cells/5ml of blood could be detected by RT-PCR, in contrast to 1-10 tumor 
cells/5ml of blood by nested RT-PCR. In addition, 2X10 4 copies of AFP mRNA 
were found in one HepG2 cell when analyzed by the quantitative nested RT-PCR 
assay. Thus, the nested RT-PCR assay could provide a useful tool for detecting a tiny 
amount of circulating tumor cells in patients with hepatocellular carcinoma 
presenting extra-hepatic metastasis. O Academic Preas, Inc. 



Prognosis of patients with hepatocellular carcinoma (HCC) is estimated by 
several factors, such as histological differentiation of tumor cells, extent of 
tumor size, and extent of lymphatic or hematogenous spread. Venous invasion 
of tumor cells, first step to induce blood-born metastasis, is one of the important 
factor affecting prognosis of these patients. Although the efficacy of tumor 
metastasis is considered to depend on the balance between selected properties of 
tumor cells and reactivity of the host against tumor cells. In the process of 
metastasis, tumor cells are scattered from the original site, spreaded 
hematogenously and arrested at small vessels. Thus, detection of tumor cetts in 
the circulation might predict metastasis of tumor. However, the number of 
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tumor cells in circulation could be extremely too small to be detected 
morphologically. 

Recently, tumor associated gene in the circulating tumor cells (reflecting the 
presence of tumor cells in the circulation) could be detected by PCR in patients 
with leukemia (1), or in patients with pancreatic cancer with distant metastasis 
(2). Thus, detection of hepatocellular carcinoma associated gene in the 
circulation might be related to the hematogenous spreading metastasis of HCC, 
even though overt metastasis could be obscure. 

In the present study, the difference of sensitivity among RT-PCR and nested 
RT-PCR assay for detection of tumor cells in blood has been estimated. 

MATERIALS AND METHODS 

Cell line ; HepG2 cell line (3) (a gift from Dr. Makoto Noda in Riken Cell Bank; 
RCB 459) was maintained in Dulbecco's Minimum Essential Medium (Gibco- 
BRL, Grand Island, NY) containing 10% fetal bovine serum (Gibco-BRL). 

Peripheral blood from healthy volunteer was collected in a disposable syringe 
with 0. 1% EDTA. One thousand HepG2 cells were added into 5ml of blood, and 
serial dilution of tumor cells was made. Each dilution sample contained 1,000, 
100, 10 and 1 HepG2 cells per 5ml of blood. 

Preparation of nuclear cells from peripheral blood ; After adding one ml of 5% 
dextran- saline solution into 5 ml of blood (4), the syringe was stood still for 30 
min at room temperature. Supernatant was collected and centrifugated at 500 x g 
for 25 min. Residual erythrocytes was lysed by adding distilled water and 
isotonicity was then restored after 25 sec by adding the same volume of 1.8% 
NaCl solution. After centrifugation at 350 x g for 5 min, the cells were 
immediately frozen using liquid nitrogen and stored at -80°C until use. 
Extraction of RNA and synthesis of complementary DNA (cDNA) : By using 
RNAsol B (BIOTECK LABOLATORIES, Houston, TX), total RNA was 
extracted from nuclear cell component of peripheral blood. About 5 pg of RNA 
was extracted from 5 ml of blood. In addition, one jig of RNA was extracted 
from 5x10* HepG2 cells. 

One )i% of RNA, which was heated at 95&C for 5 min and rapidly cooled on 
ice, was added in a buffer containing 50 mM Tris-HCl (pH 83), 75 mM KC1, 3 
mM MgCl2> 10 mM DTT, 0.25 /4g random primer (hexamer) (Takara 
Biochemicals, Kyoto, Japan), 18 units RNAse inhibitor (Takara Biochemicals), 
and 200 units M-MLV reverse transcriptase (Gibco-BRL). The volume was 
adjusted to 10 pi by adding DEPC treated water. Complementary DNA (cDNA) 
was synthesized by incubating the mixture at 42 °C for 60 min, and it was 
subsequently heated at 95°C for 5 min to inactivate reverse transcriptase. 
Complementary DNA was kept at -20°C until use. 

Sensitivity of RT-PCR and nested RT-PCR 

Polymerase chain reaction (PCR) ; Primers of AFP (5) mRNA used in RT-PCR 
were 5 1 - CTCTTCCAGCAAAGCACACTTC -3* (#7: upper stream) and 5'- 
CTCTTCAGCAAAGCAGACTTC -3' (#8: down stream). Integrity of RNA 
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was checked by amplifying B-globin (6) mRNA with primers 5'- 
ACCCAGAGGTTCTTTGAGTC -3' (#26: upper stream) and 5'- 
TCTGATAGGCAGCCTGCACT - 3 f (# 27: down stream). 

Ten fi\ of cDNA solution was mixed with 40 p\ of PCR reaction mixture 
containing 50 mM Tris-HCl (pH 8.3), 44 mM KCI, 1.1 mM MgCl2, 0.013% 
gelatin, 12.5 pmol each primer (#7 and #8, or #26 and #27) and 1 unit Taq DNA 
polymerase (Takara Biochemicals). After initial denaturation at 95°C for 5 min, 
PCR was performed according to the temperature profile (93°C for 30 sec, 540C 
for 45 sec and 72QC for 45 sec) for 35 cycles. The reaction was terminated by 
heating at 72°C for 7 min and cooled to 4°C. 

Nested RT-PCR : Primers of AFP mRNA used in the nested PCR were 5'- 
GCTGACATTATTATCGGACAC-3 1 (#M1: upper stream) and 5'- 
AGCCTCAAGTTGTTCCTCTGT-3' (# M2: down stream). 

Five fi\ of the amplified product of the RT-PCR was mixed with 5 ul of second 
PCR buffer (100 mM Tris-HCl (pH 8.3), 500 mM KC1. 10 mM MgCl2, 100 
Hg/m\ gelatin), 12.5 pmol of each primer (# Ml and # M2) ,1 unit of Taq DNA 
polymerase and diluted to 50/il with distilled water. Themperature profile of 
nested PCR was the same one as described above. 

Gel electrophoresis : Amplified product was electrophoresed on 3% agarose gels 
and stained with ethidium bromide. Size of the amplified product of AFP 
mRNA was 359 bp (PCR), 282 bp (nested PCR), and 283 bp for B-globin. 

Quantification of AFP mRNA in HepG2 cell 

Synthesis of internal standard ; RNA was extracted from HepG2 cells and was 
applied to RT-PCR. New restriction site (cut by Hind III) was introduced in the 
middle of amplified product according to the method described by Horton and 
Pease (7). The product was then inserted into pBluescript-II vector under the 
promoter of T7 RNA polymerase, and its sequence was confirmed by the ALF 
DNA Sequencer (Pharmacia, Uppsala, Sweden). After linearizing the plasmid, 
RNA was synthesized using T7 RNA polymerase. The RNA was quantified and 
diluted serially with DEPC-treated water. It was used as internal standard of 
quantitative PCR assay. 

After adding the serially-diluted (10* to 10*0 copies) internal standards to 
each of 1 jig RNA extracted from HepG2 cells, the mixture was reverse 
transcribed followed by nested PCR as described above. Amplified product was 
then cut with Hind III and was electrophoresed on 3% agarose gel. Three bands 
of 282 bp (wild type), 170 and 112 bp (both are derived from the internal 
standard) were demonstrated. An amount of AFR mRNA was calculated by 
comparison the intensity of the band of wild type with those of internal control 
(summation of two bands) (Figure 3). 



RESULTS 

Absence of AFP mRNA in blood of healthy volunteers : AFP mRNA was not 
demonstrated in nuclear cell component of peripheral blood of healthy 
volunteers both by RT-PCR and even by nested RT-PCR (Fig. 1). 
Detection of AFP mRNA in diluted samples of HepG2 cells ; As shown in Fig. 
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Fig.l . Amplification of AFP mRNA in blood of healthy volunteers. 

Upper panel shows the result of nested PCR with primers #M1 and #M2 
(AFP). Amplified product of PCR is 282 bp. 

Lower panel shows the result of PCR with primers #26 and #27 (B-globin). 
Amplified product is 283 bp. 

Lanes 1-6: blood from healthy volunteers, lane 7: negative control (without 
RNA), lane 8: positive control (RNA from HepG2 cells). 

Fig.2. Sensitivity of RT-PCR and nested RT-PCR for detection of HepG2 cells 
in blood. 

Lanes 1-5: Dilution of HepG2 cells. Each lane includes (from left to right) 0, 1, 
10, 100 and 1,000 HepG2 cells in 5 ml of normal blood, respectively, lane 6: 
negative control (without RNA), lane 7: positive control (1 /<g of RNA from 
HepG2 cells). 



2, AFP mRNA was detected in 5 ml of blood containing 100 tumor cells by the 
RT-PCR. In contrast, AFP mRNA was demonstrated in 5 ml of blood 
containing 1-10 tumor cells only by the nested RT-PCR. The sensitivity of 
nested RT-PCR was enhanced by around 10-100 folds, as compared with RT- 
PCR only. 

Absolute number of AFP mRNA; As indicated in Fig. 3, 10 9 copies of AFP 
mRNA were found in 1 /<g RNA of HepG2 cells. As one fig RNA was 
extracted from 5xl0 4 HepG2 cells, around 4x10 s copies of AFP mRNA were 
found in one HepG2 cell. 
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Rg3. Quantification of AFP mRNA in HepG2 cell. 

Lanes 1-7: Each lane includes the serially diluted-internal standard; (from left to 
right) 104, 10 5 , 106 f iq7 10* 10 9 and 10*0 copies per sample. 



DISCUSSION 

In order to detect tumor cells in blood, demonstration of tumor associated gene 
has been developed using molecular techniques (1,2). In the recent study, 
albumin mRNA in blood has been found as a marker of circulating hepatocytes 
(8). There are some papers indicating that the production of AFP is increased in 
hepatocellular carcinoma cell lines such as HepG2 (3), and expression of AFP 
gene is reported to be increased during carcinogenesis (9). Thus, we have 
developed PCR assay for detection of HCC-associated tumor gene transcript, 
AFP mRNA, in nuclear cell component of blood, since the number of circulating 
tumor cells in patients with HCC demonstrating metastasis at distant organs 
might be extremely too small. In order to elucidate the sensitivity of RT-PCR 
and nested RT-PCR for detection of HCC cells in blood, HepG2 cells were 
mixed with blood, as HepG2 cells were established from hepatoblastoma and 
produces adequate amount of AFP (3). AFP mRNA could be detected by RT- 
PCR when 100 tumor cells are present in 5 ml of blood, in contrast to 1-10 tumor 
cell per 5 ml of blood by nested RT-PCR, suggesting that the sensitivity of 
nested RT-PCR is around 100 folds enhanced as compared with RT-PCR. Thus, 
if HepG2 cells were circulating in a body (total volume of blood; around 5,000 
ml), their presence could be detected by RT-PCR when more than 10 5 tumor 
cells present in circulation. On the other hand, AFP mRNA could be detected by 
nested RT-PCR even when only 103 tumor cells are present in the circulation. 
Although a moderate number of circulating tumor cells might be present as 
assessed from the calculation of detection of HepG2 cells, there might be several 
steps for establishment of metastasis (10) such as adhesion of tumor cells at 
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vascular endothelium, migration into the extracellular space, and proliferation at 
the metastatic foci. During these process, immunological reaction of host organs 
takes place, and some tumor cells might be damaged by immunocompetent cells 
or by mechanical force of blood flow or by platelet aggregation. 

Furthermore, the quantitative analysis has been performed by competitive RT- 
PCR (1 1) to estimate an amount of AFP mRNA in HepG2 cell, indicating that 
around 2x10* copies of AFP mRNA were included in one HepG2 cell. As one 
HepG2 cells per 5 ml of blood could be detected by this nested RT-PCR, around 
4,000 copies of AFP mRNA in one ml of blood could be demonstrated by this 
assay. 

These results suggest that high sensitivity detection assay of nested RT-PCR 
could be useful for demonstration of hematogenous spreading tumor cells. In 
addition, further prospective study is needed for prediction of metastasis in 
patients with HCC by detecting circulating tumor cells. 
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PRODUCT REVIEW 



Isolating RNA from whole blood — 
the dawn of RNA-based diagnosis? 



Donald £ Macfarlane and Christopher E. Dahle 



A novel cationlc surfactant solution Is used to lyse blood cells and precipitate RNA and DNA. The RNA Is recovered 
by extracting the pellet with a small volume of guanldinlum Isothyocyanate or formamlde. 



The addition of a novel cationic surfactant 
(Catrimox-14) solution to whole blood re- 
sults in lysis of the cells and the precipita- 
tion of RNA and DNA complexed with the 
surfactant. After centrifugation, the RNA 
can be recovered from the pellet by either 
extraction with hot buffered formamide fol- 
lowed by ethanol precipitation, or with 
guanidinium isothiocyanate followed by 
extraction at slightly acid pH and iso- 
propanol precipitation. This simple and rapid 
method yields RNA that is suitable for 
analysis by reverse transcriptase and the 
polymerase chain reaction (RT-PCR) with- 
out further purification. Compared with 
methods that require prior isolation of 
leukocytes or pathogens from blood, isolat- 
ing RNA from blood directly increases the 
feasibility of using RNA-based diagnosis 
of infections, inflammatory diseases, leu- 
kaemia and inherited disorders. 

DNA is not an ideal target for molecular 
diagnosis: most eukaryotic DNA consists 
of non-informative sequences between 
genes, and of introns within them. Com- 
pared with DNA, analysing RNA can be 
more informative because the level of ex- 
pression of many genes reveals the activity 
of the cell as well as its genetic origin, and 
because the cell usually contains multiple 
copies of RNA sequences of interest. The 
utility of RNA-based diagnosis has been 
restricted by the difficulty in extracting 
RNA from clinical specimens before the 
RNA is degraded. 

Recent advances in the analysis of RNA, 
particularly the use of RT-PCR 1 , have greatly 
increased the information that can be de- 
rived from small amounts of RNA even 
when it is partially degraded. Traditional 
northern blots are performed with about 1 0 
\xg of undegraded RNA, preferably using 
RNA enriched with mRNA. RT-PCR can 
detect a few hundred copies of a sequence of 
RNA, and typical analyses can be performed 
with much less than 1 \ig of cellular RNA. 

Widely used methods of extracting RNA 
from cells depend on the ability of chaotropic 
concentrations of guanidinium isothio- 
cyanate (often with an anionic surfactant) to 
lyse the cells and simultaneously inhibit 
RNase. This results in a complex solution of 
DNA, RNA, lipid, small molecules, and 
protein. The RNA can be recovered from 
this mixture by ultracentrifugation, or the 

186 



DNA, protein, and most other molecules 
can removed by phenol extraction at slightly 
acid pH, followed by precipitating the RNA 
with an alcohol 2 . Although such methods 
can be applied to whole blood, researchers 
studying the RNA of blood leukocytes or 
blood-borne pathogens have generally pre- 
ferred to use centrifugal procedures to iso- 
late the cells or pathogens from the blood 
sample before extracting the RNA. This 
may be to avoid the inhibitors of PCR found 
in blood (such as porphyrins and haematin 3 ). 
Unfortunately, it is often not practical to 
perform cell separating procedures in a 
timely fashion in a clinical environment. 



Because some species of RNA (especially 
those encoded by some oncogenes and 
cytokines) have a short half-life in the cell, 
there are advantages in mixing the blood 
sample with an RNA extractant as soon as it 
is drawn. The extractant must be capable of 
inhibiting RNase, as blood contains enough 
RNase to destroy extracellular RNA in a 
few seconds 4 . 

Cationic surfactants 

The ability of cationic surfactants to pre- 
cipitate RNA and DNA was reported a gen- 
eration ago 5 7 . This precipitation is prob- 
ably due to the formation of electrically 



TABLE la Pellet size after lysis of blood 





12-TMA 


14-TMA 


16-TMA 


12-BA 


14-BA 


16-BA 


18-BA 


Bromide 


2 


2 


2 










Chloride 


1 


2 


1 


2 


2 


(2) 


(5) 


Phosphate 


2 


2 


1 


2 


1 


(1) 


(1) 


Sulphate 


0 


1 


1 


2 


2 


2 


(2) 


Formate 


3 


0 


2 


1 


0 


(0) 


1 


Acetate 


0 


0 


1 


0 


0 


(0) 


1 


Propionate 


3 


0 


2 


1 


0 


0 


0 


Oxalate 


1 


1 


1 


3 


3 


3 


(2) 


Malonate 


0 


1 


1 


3 


3 


2 


(2) 


Succinate 


1 


1 


1 


3 


3 


(2) 


(2) 


Citrate 




3 


3 












TABLE lb Precipitation of RNA (per cent) 




12-TMA 


14-TMA 


16-TMA 


12-BA 


14-BA 


1&6A 


18-BA 


Bromide 


91 


88 


79 










Chloride 


95 


96 


70 


77 


78 


68 


57 


Phosphate 


94 


95 


87 


86 


86 


94 


88 


Sulphate 


101 


102 


100 


76 


82 


83 


87 


Formate 


44 


28 


80 


33 


40 


94 


86 


Acetate 


15 


30 


32 


33 


31 


90 


76 


Propionate 


68 


24 


82 


24 


30 


66 


70 


Oxalate 


102 


99 


101 


85 


75 


72 


68 


Malonate 


102 


92 


93 


95 


94 


80 


87 


Succinate 


100 


91 


91 


93 


90 


82 


89 



METHODS. Blood (200 mL anticoagulated with citrate), 
was added to 1 ml of the indicated surfactant (0.1 M), 
together with 50 uJ phosphate buffered saline contain- 
ing 10 ng tRNA as carrier and 20,000 c.p.m. ^P-RNA 
(a 2.000-base transcript). One hour later, the mixture 
was centrifuged. and the supernatant was aspirated 
and discarded. The pellet was examined visually and 
graded (Table la) as to its size and colour as follows: 
0 = pellet almost invisible to the unaided eye; 1 = 
lightly coloured pellet or smear of material on side of 
tube with minimal volume; 2 = brown pellet 2-3 mm 
in long axis, incompletely covering the bottom of the 
tube: 3 = brown pellet 3-4 mm in long axis, completely 
covering bottom of tube; 4 = dark brown, 4-5 mm in 
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long axis; 5 = greater than 5 mm in long axis. Some 
surfactant solutions tended to crystallize on storage at 
room temperature. In these cases, the results are 
given in parentheses. The pellet was then dissolved 
with 100 ul formamide containing 0.3 M sodium 
acetate and 50 mM acetic acid by heating and 
vortexing. The radioactivity was then estimated by 
scintillation counting, and is expressed as a percent- 
age of the added radioactivity (Table 16). The 
abbreviations are 12-, 14-, or 16-TMA:- acyl- 
trimethylammonium with acyl of 12, 14, or 16 carbons 
in length, and 12-. 14-, 16-, or 18-BA:-acyl- 
benzyldimethylammonium with acyl of 12, 14, 16, or 
18 carbons in length. 
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neutral complexes between the(polyanionic) 
nucleic acid and the surfactant, leaving the 
hydrophobic tail of the surfactant facing the 
bulk phase 1 *. These complexes are soluble in 
polar solvents, and they are dissociated by 
the addition of a salt. We reported that 
cationic surfactants could lyse cells, render- 
ing their proteins soluble'*, and that the 
direct addition of cationic surfactants to 
cells could be used to isolate the RNA and 
DNA 10 . 

In attempting to apply this method to 
whole blood, we found that commercially 




RG. 1 Isolation of RNA from whole blood. Fifty 
or 100 ul btood anticoagulated with 1/10 vol. 
3.2% sodium citrate was added to 1 ml 0.1 M 
Catrimox-14 surfactant and 0.1 M DTT and 
mixed. Fifteen minutes later, the mixture was 
centrifuged (16,000g, 5 min), and the 
supernatant was aspirated and discarded. The 
pellet was washed with 1 ml RNase free water, 
and dissolved in 100 ul 4 M guanidinium 
isothiocyanate, 0.2 M sodium acetate pH4 with 
occasional vortexing for 10 min. One hundred 
microlitres of phenol :chloroform:isoamyl alco- 
hol pH 5.2; (25:24:1; Amresco, Solon Ohio) 
was then added and vortexed. After centrifuga- 
tion (16,000 g. 2 min), the upper aqueous layer 
was added to 100 ul isopropanol, and the RNA 
was allowed to precipitate at -20 °C for 
30 min. After centrifugation, the supernatant 
was discarded, the pellet was washed with 70% 
ice-cold ethanol, and dried briefly in vacuo. It 
was redissolved in a formaldehyde buffer and 
electrophoresed on a denaturing 1.2% agarose 
gel (65 x 100 mm), and stained with ethidium 
bromide. The figure is a photograph of the 
resulting gel under ultraviolet light. The size 
markers (stds: Gibco BRL. Gaithersburg. Mary- 
land) are indicated in bases. 
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available cationic surfactants were unable 
to lyse blood cells completely, and that they 
incompletely precipitated RNA from dilute 
solutions. 

To overcome these inadequacies, we 
synthesized and tested several novel cati- 
onic surfactant solutions, finding (to our 
surprise) that the nature of the counter ion 
had a decisive influence on both blood lysis 
and RNA precipitation. Table \a shows the 
size of the pellet obtained after centrifuging 
a mixture of blood and a series of test 
surfactants. Table \b shows the ability of 
the surfactants to precipitate radioactive 
RNA from dilute solutions. Examination of 
these results shows that solutions prepared 
by neutralizing alkyltrimethylammonium 
hydroxides with dicarboxylic acids were 
capable both of lysing the blood well, and 
almost quantitatively precipitating the RNA. 

Within limits, the length of the surfactant 
tail (the major determinant of the critical 
micellar concentration) had little influence 
on the ability of a cationic surfactant salt to 
precipitate RNA. This may be because (in 
concentrated aqueous mixtures), the 
surfactant exists in an equilibrium between 
one or more ordered structures in which the 
hydrophobic tails are juxtaposed (micelles, 
tubes, sheets, complexes with protein or 
with nucleic acids), and (as a minor compo- 
nent) surfactant monomer 11 . Increasing the 
length of the hydrophobic tail increases the 
stability of each of the ordered structures to 
the same extent, resulting in a decrease in 
the monomer concentration, but no change 
in the relative concentration of the ordered 
structures. 

With the exception of the complex with 
nucleic acids, the cationic charge of the 
surfactant in the ordered structures is neu- 
tralized by the counter ion. Thus, unlike the 
tai 1 length, the counter ion can have a marked 
differential impact on the relative stability 
of surfactant complex with nucleotide with 
respect to other ordered structures. 

Further studies led us to select 
tetradecyltrimethylammonium oxalate 
(Catrimox- 1 4) solution as a suitable reagent 
to isolate RNA from whole blood. 

Details of the procedure 

The blood sample (100 [il, fresh or 
anticoagulated with citrate) is mixed with 
the Catrimox- 1 4 reagent, and transported to 
the laboratory. The RNA and DNA surfactant 
complexes are harvested by centrifugation, 
and the supernatant is carefully removed. 
The precipitated RNA can be recovered in 
one of two ways. In the first, the pellet is 
extracted with hot formamide containing a 
sodium acetate buffer which preferentially 
extracts the RNA, leaving most of the DNA 
as a loose pellet. The RNA is finally precipi- 
tated from the formamide by the addition of 
cold ethanol. 

In the second method, the surfactant 
nucleotide pellet is extracted with 4.0 M 
guanidinium isothiocyanate, pH 4, which 
dissociates the complex by virtue of its 
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FIG. 2 RT-PCR amplification of bcr/ab/oncogene. 
K562 human leukaemia cells (which express 
the bcr/abl hybrid oncogene) were mixed with 
blood, and (using precautions to prevent con- 
tamination 14 ), the RNA was extracted as de- 
scribed in Fig. 1. The cDNA was made by 
incubating the RNA at 37 °C for 1 h with 200 
units Maloney murine leukaemia virus reverse 
transcriptase (Gibco BRL) in 40 pi PCR buffer 
(50 mM KCI; 4 mM MgCI 2 ; 50 mM Tris, pH 8.4; 
100 ugml- 1 bovine serum albumin) containing 
20 units RNasin, 5 mM dithiothreitol, 20 pmol 
downstream primer ('CML-B' of Sawyer et a/. 15 : 
5'-TCAGACCCTGAGGCTCAAAGTC-3') t ImM 
deoxynucleotide triphosphates (Pharmacia, 
Piscataway, New Jersey). The reaction was 
terminated by heating to 95 °C. At this tempera- 
ture, 80 ul PCR buffer was added, with 20 pmol 
upstream primer ('C of Delfau et a/. 16 ; 5'- 
GCTTCTCCCTGACATCCGTG-3') and 2.5 units of 
Tag DNA polymerase (AmpliTaq, Perkin Elmer- 
Cetus, Emeryville, California). The mixture was 
overlaid with mineral oil, and amplified by thirty 
cycles, each consisting of 95 °C for 30 s, 55 °C 
for 30 s and 72 °C for 1 min in a thermal cycler 
(Perkin Elmer). The PCR products were exam- 
ined by ethidium bromide-stained agarose 
electrophoresis. The predicted amplimer of the 
bcr/abl mRNA cDNA is 219 bp. The lanes are 
(from left to right): standards (a 123-bp ladder, 
Gibco BRL); blood alone; blood plus 10, 30, 
100, 300. 1,000, 3,000 K562 cells; blood plus 
3,000 K562 cells, omitting reverse tran- 
scriptase; blood plus 300 K562 cells omitting 
Taq polymerase; amplification without a tem- 
plate; standards. 

ionic strength, and which also inhibits 
RNase. DNA, residual protein and other 
impurities are removed from the guan- 
idinium solution by a single phenol- 
chloroform extraction, and the RNA is re- 
covered by isopropanol precipitation. The 
formamide method has the advantage of 
avoiding the use of phenol. The yield of full 
length RNA is higher with the guanidinium 
method. 

Figure 1 shows an ethidium bromide- 
stained agarose electrophoresis gel of RNA 
isolated from whole blood, using the 
Catrimox- 14 surfactant and guanidinium 
method. The bands of rRNA are clearly seen 
with the usual smear of other species of 
RNA. Figure 2 shows the products of RT- 
PCR using primers that amplify a 219-base 
pair (bp) segment of the bcr/abl gene prod- 
uct in K562 leukaemic cells, which were 
mixed into normal blood. The expected 
amplimer was seen by ethidium fluores- 
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cence when as few as thirty K562 cells were 
added to the 100 |il blood sample, using 
only thirty cycles of amplification and a 
single pair of primers. 

Discussion 

The use of the cationic surfactant consider- 
ably simplifies the extraction of RNA from 
cells compared with conventional methods. 
The RNA-surfactant complex is not a 
substrate for RNase, so that once the blood 
is mixed with the surfactant, the specimen 
does not need to be processed immediately. 
As described above, the cationic surfactant 
method for whole blood calls for half the 
number of additions and one or two less 
centrifugations than the popular fc one-step' 
method, and it takes less than half the time 
to perform. RNA isolated from blood by the 
cationic surfactant method seems to be easy 
to amplify by RT-PCR, an important 
consideration because constituents (or 
their derivatives) of blood tend to inhibit 
PCR. 

The need for a simple method for isolat- 
ing RNA from whole blood in a form that 
can be amplified by PCR is great. Appropri- 
ate primers may enable the detection and 
quantitation of RNA encoded by several 
common pathogens including human 
immunodeficiency virus, parvovirus, 



hepatitis C, cytomegalovirus, myco- 
bacteria, bacteria, and several tropical dis- 
eases. Leukocytes express immunoglobulins 
and several inflammatory mediators (in- 
cluding cytokines, adhesion receptors, and 
proteins related to blood coagulation) when 
stimulated, and assaying the corresponding 
mRNAs 12 may reveal patterns specific for 
certain autoimmune and other inflamma- 
tory diseases. An increasing number of 
leukaemias and lymphomas are known to 
have gene rearrangements giving rise to 
oncogenic mRNAs 13 . Figure 2 shows that a 
small number of cells with such a rearrange- 
ment can easily be detected in a blood 
sample using the method. Some genetic 
disorders, such as thalassaemia, may be 
easier to characterize by analysis of RNA in 
blood than by other means. Lastly, it is 
likely to be possible to perform HLA tissue 
typing and blood group typing by analysis 
of RNA in blood. □ 
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Trends in tissue culture 



An agent to eliminate mycoplasma from cultures, cell attachment factors, media, bioreactors, Incubators, filters 
and a selection of cell and tissue culture catalogues are featured. 



Icn Flow announces the availability of MRA, 
a mycoplasma removal agent that ICN 
developed in conjunction with Dianippon 
Pharmaceutical of Japan (Reader Service 
No. 101). MRA, a water-soluble oxo- 
quinoline-carboxylic acid derivative, is de- 
signed to remove contamination from plant 
and animal cell cultures and is intended to 
be useful in research laboratories where 
valuable cell lines may be at risk. Contami- 
nated cells are cultured with MRA for a 
week. After removal of the agent, ICN says 
that the cells will not suffer a recurrent 
infection with the original mycoplasma. 
The same agent can also be used as a pre- 
ventative measure where there may be a 
danger of mycoplasma contamination in 
serum or trypsin. The agent is supplied in a 
5-ml vial. ICN says that the 50 mg ml -1 
solution is sufficient for decontaminating 
up to 25 cell cultures. 

ProNectin F from Protein Polymer Tech- 
nologies is a genetically engineered cell 
attachment factor that is designed to fa- 
cilitate the transfer of many anchorage- 
dependent cell lines from serum-containing 

188 




ProNectin F cell attachment factor. 



to serum-free media (Reader Service No. 
102). The company says that use of 
ProNectin eliminates the need for the labo- 
rious 'hit or miss' serum weaning protocols 
that are usually required to adapt cells 
to low serum, serum-free or protein-free 
media. 
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The PAP pen from Research Products 
International is a special marking pen de- 
signed for drawing thin film-like barriers on 
microscope slides (Reader Service No. 103). 
This barrier creates the proper surface ten- 
sion needed to hold antibody solution and 
other specimens within a target area. The 
pen contains a special water-repellent for- 
mulation that is insoluble in alcohol and 
acetone, and is effective for immuno- 
peroxidase staining, frozen section and fluo- 
rescent antibody staining methods. Two 
models are available: one with a 4-mm 
tapered point for over 800 applications, and 
a Mini PAP pen with a 2.5-mm tip for over 
400 applications. 

A new indicator dye that reacts in re- 
sponse to cellular metabolism and a 
microplate fluorometer make up the new 
cell proliferation assay system from 
Alamar (Reader Service No. 104). The indi- 
cator dye, alamarBlue, produces both a 
fluorometric and a colorimetric response to 
cellular proliferation in mammalian cells, 
bacteria and fungi. It can also be used to 
establish the relative cytotoxicity of agents 
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Single-Step Method of RNA Isolation by Acid Guanidinium 
Thiocyanate-Phenol-Chloroform Extraction 
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A new method of total RNA isolation by a single extraction with an acid guanidinium 
thiocymte-i?benoi-ch2c4vforin mixture is described The method provides a pure preparation 
of undegraded RNA in high yield and can be completed within 4 h. It is particularly useful for 
processing large numbers of samples and for isolation of RNA from minute quantities of cells or . 

tissue samples. C IW Academic Ptrs\ lot 

K£Y WORDS: nucleic acids; RNA; messenger RNA; purification; gene expression; 
human cells. 

allows isolation of RNA in 4 h and provides 
both high yield and purity of undegraded 
RNA preparations. By eliminating the ultra- 
centrifugation step of the guanidinium-CsG 
method this procedure allows the simulta- 
neous processing of a large number of sam- 
ples. In addition, this new procedure permits 
recovery of total RNA from small quantities 
of tissue or cells making it suitable for gene 
expression studies for which only a limited 
quantity of biological material is available. 

MATERIALS AND METHODS 

Reagents. The denaturing solution (solu- 
tion D) was 4 M guanidinium thiocyanate, 25 
mM sodium citrate, pH 7; 0.5% sarcosyi, 0. 1 
M 2-mercaptoethanol. To minimize han- 
dling of guanidinium thiocyanate (hazard- 
ous) a stock solution was prepared as follows: 
250 g guanidinium thiocyanate (Fluka) was 
dissolved in the manufacturer's bottle (with- 
out weighing) with 293 ml water, 17.6 ml 
0.75 M sodium citrate, pH 7, and 26.4 ml 
10% sarcosyl at 65 P C. This stock solution 
can be stored at least 3 months at room tem- 
perature. Solution D was prepared by adding 
0.36 ml 2-mercaptoethanol/50 ml of stock 
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Guanidinium thiocyanate and chloride 
are among the most effective protein dena- 
turants (1 ,2). As a strong inhibitor of ribonu- 
cleases, guanidinium chloride was first intro- 
duced as a deproteinization agent for isola- 
tion of RNA by Cox (3). Since then 
guanidinium extraction has become the 
method of choice for RNA purification, re- 
placing phenol extraction. Guanidinium 
methods have been used successfully by 
Chirgwin et al (4) to isolate undegraded 
RNA from ribonudease-rich tissues like pan- 
creas. Chirgwin's protocol for ultracentrifu- 
gation of a guanidinium thiocyanate lysate 
through a CsQ cushion has become one of 
the most frequently used for isolation of un- 
degraded RNA. In the present report, a new 
rapid procedure combining guanidinium 
thiocyanate and phenol-chloroform extrac- 
tion is described. A combination of guani- 
dinium and hot phenol for RNA isolation 
has been reported by Peramisco et al (5). 
The method we describe differs in that it 
converts the guanidinium-hot phenol 
method to a single-step extraction which 

1 To whom correspondence should be addressed at 
University of Cincinnati College of Medicine, 231 Be- 
tbesda Ave., Rm. 5564, Qncinnati, OH 45267-0547. 
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solution. This solution can be stored 1 
month at room temperature. 

Phenol (nucleic acid grade, Bethesda Re- 
search Laboratory) saturated with water was 
kept at 4°C up to 1 month. 

Small-scale RNA preparations were car- 
ried out in 4- or 15-ml disposable polypro- 
pylene tubes (Falcon, Cat. Nos. 2063, 2059). 

Experimental procedure. The acid guani- 
dinium ~ phenol - chloroform (AGPC) 2 
method was used to isolate RNA from both 
tissues and cultured cells. The following pro- 
tocol describes isolation of RNA from 100 
rag of rat mammary tissue. 

Immediately after removal from the ani- 
mal, the tissue was minced on ice and ho- 
mogenized (at room temperature) with 1 ml 
of solution D in a glass-Teflon homogenizer 
and subsequently transferred to a 4-ml poly- 
propylene tube. Sequentially, 0.1 ml of 2 M 
sodium acetate, pH 4, 1 ml of phenol (water 
saturated), and 0.2 ml of chloroform-iso- 
amyl alcohol mixture (49:1) were added to 
the homogenate, with thorough mixing by 
inversion after the addition of each reagent 
The final suspension was shaken vigorously 
for 10 s and cooled on ice for IS min. Sam- 
ples were centrifuged at 10,000^ for 20 min 
at 4°C. After centrifugation, RNA was 
present in the aqueous phase whereas DNA 
and proteins were present in the interphase 
and phenol phase. The aqueous phase was 
transferred to a fresh tube, mixed with 1 ml 
of isopropanol, and then placed at -20°C for 
at least 1 h to precipitate RNA. Sedimenta- 
tion at 10,000^ for 20 min was again per- 
formed and the resulting RNA pellet was 
dissolved in 0.3 ml of solution D, transferred 
into a 1.5-ml Eppendorf tube, and precipi- 
tated with 1 vol of isopropanol at -20°C for 
I h. After centrifugation in an Eppendorf 
centrifuge for 10 min at 4°C the RNA pellet 
was resuspended in 75% ethanol, sedi- 
mented, vacuum dried (15 min), and dis- 

* Abbreviations used: AGPC, acid guaxudiaium thio- 
cyv&te-fan<**<MorDfonn; SDS, sodium dodecyi sul- 
fate; DEP. diethyl pyrocarbonate. 



solved in 50 jil 0.5% SDS at 65°C for 10 min. 
At this point the RNA preparation could be 
used for poly(A) + selection by oligo(dT) 
chromatography, Northern blot analysis, 
and dot blot hybridization. Isopropanol pre- 
cipitation can be replaced by precipitation 
with a double volume of ethanoL 

The protocol for RNA isolation by the 
AGPC method is outlined in Table 1. Until 
the last step, ribonuclease is inhibited by the 
presence of 4 M guanidinium. Therefore no 
additional precaution is required to protect 
RNA from degradation. The final RNA 
preparation can be dissolved in water or in 
1 mM EDTA, pH 8, solution, treated with 
diethyl pyrocarbonate PEP) (6). We recom- 
mend, however, to use 0.5% SDS (DEP 
treated) which is a weak inhibitor of ribonu- 
clease and may diminish the effect of acci- 
dental contaminations during the farther use 
and storage of RNA samples. 

The AGPC method was used for both 
small scale (3 mg tissue or 10 6 cells) and large 
scale (30 g tissue) RNA preparations. The 
method was also used to isolate RNA from 
cultured cell lines: human and mouse hema- 
topoietic cell lines, breast MCF-7 cells, 
human normal lymphocytes, and bone mar- 
row blasts, and rat thyroid FRTL-5 cells. 
RNA could be isolated from cells grown in 
suspension (100 $il of solution D per 10 6 
cells) or in monolayer. Cells grown in mono- 
layer were lysed directly in the tissue culture 
dish by the addition of denaturing solution 
( 1 .8 ml of solution D for 10-cm-diameter tis- 
sue culture dish). 



TABLE 1 

AGPC PROTOCOL FOR RNA ISOLATION 



1. Extraction 


Solution f>, 0.2 M sodium 




acetate, pH 4, phenol, 




chloroform (1:0.1:1:0.2) 


2. Precipitation 


1 vol isopropanol 


3. Reprecspitation 


Solution D, 1 vol isopropanol 


4. Wash 


75% ethanol 


5. SolubQizatkm 


0.5% SDS 



r 
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TABLE 2 

Comparison of Parameters op RNA Preparations Obtained by the AGPC Method 



AND BY THE GUANnMNIUM-CsCl METHOD* 





Ratio* 




Yield* 


25K casein mRNA' 


Method 


(260/280) 


DNA< 


RNA/mg tissue) 


(cpm/Mg RNA) 


AGPC 


1.85 1 0.04 


ND 


1,76 ±0.03 


2632 ± 143 


Guanidmiunv-C$G * 


1.75 ± 0.05 


ND 


1.52 ±0.03 


2597 ± 127 



a Results represent averages of duplicate analyses of three RNA preparations. ND » not detectable. 

* Absorption of RNA preparations was determined at 260 and 280 nm. 
c DNA was quantitated by Burton's reaction (7). 

6 Yield was calculated assuming A x on/0. 1% at 260 <= 25. 

* 25K casein mRNA was quantitated by hybridization with a n P-iabeled 25K casein cDNA probe (10). 



RESULTS AND DISCUSSION 

RNA was prepared from rat mammary 
tissue by the AGPC extraction and com- 
pared with RNA isolated in parallel by ultra- 
centrifugation of guanidinium lysate through 
a CsCI cushion (4). Data in Table 2 show that 
RNA isolated by the AGPC method con- 
tained less contaminating proteins, as judged 
by the 260/280 ratio, than RNA isolated by 
the guanidinium-CsCl method. An addi- 
tional wash with 75% ethanol of the RNA 
pellet during the AGPC extraction increased 
to about 2 the 260/280 ratio of the isolated 
RNA preparation. DNA was undetectable in 
both preparations using Burton's method 
and both had a similar content of 2Sk casein 
mRNA. The AGPC extraction, however, re- 
suited in a slightly higher yield of RNA. 

Agarose-gel resolution patterns of total 
RNA isolated from rat mammary gland and 
rat liver by both the AGPC and the guani- 
dinium-CsCl methods are shown in Fig. 1. 
Both preparations reveal similar patterns, 
but liver RNA isolated by the AGPC method 
contained a greater amount of low-molecu- 
lar-weight RNA (4-5 S). 

The AGPC procedure was used for expres- 
sion studies of the ets-2 gene (9) in human 
bone marrow myeloblasts (low-abundancy 
mRNA), the 25K casein gene (10) in rat 
mammary gland, and the thyroglobulin gene 
(11) in FRTL-5 cells (high-abundancy 
mRNAs). AGPC extracted RNA from 



human myeloblasts was subjected to 
oligo(dT) chromatography, and the poly(A)+ 
fraction was analyzed for ets-2 mRNA con- 
tent by Northern blot analysis (Fig. 2A). 
Three transcripts of 4.7, 3.4, and 2.8 kb were 
detected by ah ets-2 human genomic probe 
(9) as previously observed using the guani- 
dinium-CsCl method. Total RNA isolated 
from mammary explants cultured with a lac- 
togenic hormone combination (insulin, pro- 
lactin, and hydrocortisone) were probed with 
25K casein cDNA and 0-actin cDNA (12) 



12 3 4 



28S- 
18S- 




Fig. !. Electrophoresis of RNA isolated by the AGPC 
method (lanes 1, 3) and by the guanidinium-CsCl 
method (lanes 2, 4) from rat mammary gland (lanes 1, 2) 
and rat liver (lanes 3, 4). RNA preparations (3 m&) were 
electrophoresed in fonnaldehyde-agarose (1%) minigd 
(8). The get was washed in water two times for 30 mi* 
and stained with ethidium bromide. 
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limited handling involved in this technique. 
The AGPC method may therefore be useful 
8.9- ll for ^nical investigations that employ gene 
expression such as protooncogene expression 
as a molecular marker of malignancy and 
tumor progression. 



1.9- 
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FKJ. 2. Northern Mot analysis of RNA isolated by the 
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and 2 n% of the poly(A)* fraction was analyzed for ets-2 
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sein mRNA ( 1 .3 kb) and 0-acti n m RNA ( 1 .9 kb); (Q 1 .6 
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mRNA. RNA preparations were dectrophoresed, trans- 
ferred to Gene Screen Plus membrane, and autoradio- 
grapbed as described (9, 1 2). 
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method allows simultaneous processing of a 
large number of samples. The method 
proved to be particularly useful for RNA 
isolation from as few as 10 6 cells or 3 mg of 
tissue (human pituitary tumor). The degra- 
dation and loss of RNA is minimized by the 
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Quantitation of target mRNAs using the reverse-transcription polymerase chain reaction found a 
widespread field of application in diverse biomedical diagnostic assays. However, the problem of 
varying sample quality has to be solved by correcting target molecule amounts through detection 
of an endogenous control template. The choice of an appropriate reference gene is still object of 
debate as pseudogene co-amplification and expression level variations may limit the usefulness 
of some currently used reference reactions. We compared quantitative expression levels of the 
commonly used endogenous reference genes beta-actin (0-actin), beta-2-microglobulin (p 2 -MG) 
and porphobilinogen deaminase (PBDC) using the TaqMan chemistry. With these assays we 
investigated the respective expression patterns in K562 cells and leucocytes of normal individuals 
as well as of malignoma patients. In K562 cells 1544 + 246 P-actin, 65 ±30 p r MG and 22 ±8 
PBDC copies/cell were detected. In normal leucocytes 491 ±97 P-actin, 40±17 p 2 -MG and <1 
PBDG copies/cell were quantified. Leucocytes of various malignancies exhibited 84±51 p-actin, 
106±8 p 2 -MC and <1 PBDC copies/cell. We conclude that p 2 -MG is the most suitable reference 
gene tested as its variation between different sample origins and within distinct cell types was 
acceptable low. 

© 2002 Elsevier Science Ltd. 



KEYWORDS: reverse transcription polymerase chain reaction, controls, reference genes, beta- 
actin, beta-2-microglobulin, porphobilinogen-deaminase. 



INTRODUCTION 

Real-time fluorescence PGR provides a highly sens- 
itive, reproducible and fast way for the quantitation 
of nucleic acid sequences. Since it was first described 
in 1995 an increasing number of assays using this 
technique are going to replace previous quantitative 
PCR methods in routine laboratories. 

Its basic principle is the usage of a non-extendable 
fluorescent probe, which is complementary to a 



specific sequence within the target sequence. On 
its terminal nucleotides it is labelled with different 
fluorescent dyes. The quencher dye, which is 
typically covalently attached to the 3'-terminus 
suppresses fluorescent emission of the reporter dye, 
located at the 5'-terminus. This phenomenon is 
called the 'Fluorescence Resonance Energy Transfer' 
(FRET) 12 and is based on the close proximity of 
both dyes resulting in a low measurable fluorescent 
signal. 
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In case of hybridization to the target sequence the 
Taq DNA polymerase cleaves the probe from the 
strand during extension of the primers via its 5'-3' 
exonuclease activity. 3 Thus, the distance between 
both dyes increases and the reporter dye starts to emit 
a detectable fluorescent signal whose accumulation 
is proportional to the starting amount of cDNA in 
the reaction. Compared to former semi-quantitative 
approaches the advantage of such real time PCR 
techniques is the detection at the log-phase of the 
amplification where no limiting reaction factors might 
influence the reaction kinetics. 

In general, a major problem of cDNA synthesis is 
the sensitivity and potential degradation of RNA dur- 
ing the entire sample processing. Thus, varying sample 
qualities need to be corrected by co-amplification of 
an internal standard. The commonly used endo- 
genous references belong to the group of 'house- 
keeping genes'. In an ideal setting these genes are 
constitutionally expressed by all cell types and should 
not be affected by any human disease. But even 
widely used reference genes like beta-actin, glycer- 
aldehyde-3-phosphate or hypoxanthine phospho- 
ribosyltransferase (HPRT) 4 were criticised in the past 
because of possible pseudogene co-amplifications. 
Furthermore, actual transcription rates of most ref- 
erence RNA transcripts with respect to different sam- 
pling procedures and various diseases are still 
unknown. 

In order to evaluate which reference genes may be 
suitable for control reactions using the so called 
TaqMan chemistry we developed absolute quan- 
titative RT-PCR assays for beta-actin (P-actin), beta-2- 
microglobulin (p 2 -MG) and porphobilinogen de- 
aminase (PBGD). Furthermore, in order to study their 
expression patterns in vitro and in vivo we determined 
their amount in K562 cells, normal peripheral blood 
cells and peripheral leucocytes of malignoma 
patients. 

MATERIALS AND METHODS 

The following samples were investigated: separate 
RNA extractions of K562 cells (n=4), normal leuco- 
cyte preparations (n=4) as well as peripheral blood 
leucocytes of chronic myelogenous leukaemia (n= 
1), chronic lymphocytic leukaemia (n= 1), acute my- 
elogenous leukaemia (n= 1 ), mamma carcinoma (n= 
1), B-cell non-Hodgkin lymphoma (n=2), multiple 
myeloma (n=2) and colon carcinoma (n=2). The 
K562 cell line grew in 90% RPMI 1640 medium 
including glutamax-l and 10% fetal bovine serum 
(Life Technologies, Karlsruhe, Germany). To minimize 
cell cycle variations samples were all taken during the 



log phase of growth. All extractions were performed 
immediately after collection with a maximum pro- 
cessing time of three hours until storage of extracted 
RNA (-80°C). Peripheral blood samples were col- 
lected into sterile heparin tubes (Sarsted, Numbrecht, 
Germany). After centrifugation for 5' at 400 xg all 
leukocytes from the blood pellet were separated by 
selective erythrocyte lysis (QIAmp RNA Blood Mini 
Kit; Qiagen, Hilden, Germany). Pellets were re- 
suspended in phosphate buffered saline (PAA Laborat- 
ories, Linz, Austria) and filtrated through a 40 urn cell 
strainer (Becton Dickinson, Franklin Lakes, USA) in 
order to remove larger cell precipitations after the 
resuspension of the pellet. Cell density was sub- 
sequently assessed using an automated cell counter 
(Casy 1; Scharfe Systems, Reutlingen, Germany) and 
the sample were diluted to a cell concentration of 
2-4 x 10 5 per ml. With regard to potential deviations 
in terms of different cell densities we performed RNA 
extractions of one cell sample at three different cell 
dilutions in parallel. Thus, 9 different samples were 
obtained from one origin: 3 x 1 0 6 , 3 x 1 0 5 and 3 x 1 0 4 
cells (QIAmp RNA Blood Mini Kit; Qiagen, Hilden, 
Germany) and suspended in 30^1 Tris/HCI buffer. A 
maximum amount of 1 000 ng cell line RNA and 8 |xl 
of blood RNA were reverse transcribed (RT) into 
cDNA. The RT mixture contained 100^M random 
hexamer primers (pd(N) 6 ; Amersham Pharmacia Bio- 
tech, San Francisco, USA), 2-5 mM dNTP (Life Tech- 
nologies, Karlsruhe, Germany), 1 0 x PCR buffer (Life 
Technologies, Karlsruhe, Germany), 0-1 M di- 
thiotreitol (DTT; Life Technologies, Karlsruhe, Ger- 
many). After an initial denaturation ribonuclease 
inhibitor (recombinant RNasin; Promega, Madison, 
USA) and RNA polymerase (Superscript RT; Life Tech- 
nologies, Karlsruhe, Germany) was added. cDNA was 
stored at -20°C until being assayed. 

We performed TaqMan PCR with a single pair of 
primers for every reference gene separately. For p- 
actin primer oligonucleotides were designed to hy- 
bridize within the 5'-untranslated region of exon 1 
(sense) and within exon 2 (antisense) of human p- 
actin cDNA. 5 The sense primer of p 2 -MG was within 
exon 1 and 2 (5'-TACATgTCTCgATCCCACTTAACTAT) 
and the antisense primer within exon 2 and 3 (5'- 
AgCgTACTCCAAAgATTCAggTT) of human p 2 -MG 
cDNA. The intron spanned primer sequences pre- 
vented genomic DNA co-amplification. 

For p 2 MG we used the following fluorescent probe 
ol igonucleotide: S'-CTCACgTCATCCAgCAgAgAATg- 
gAAAgTCA, which was labelled at the 5'-terminus 
with the reporter dye 6-carboxy-fluorescein phos- 
phoramidite (FAM) and 6-carboxy-tetramethyl-rhod- 
amine (TAMRA) at the 3'-terminus as the quenching 
dye. The sense primer for PBGD was located within 
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exon 1 and 2 (5'-TgCAACggCggAAgAAAACA), and 
the antisense primer in exon 7 (5'-AgATggCTC- 
CgATgg) of human PCBD cDNA. Here the probe 
sequence was 5'-CCAAAgATgAgAgTgATTCgCgTg, 
also labelled with the reporter dye FAM (5'- terminus) 
and the quenching dye TAMRA (3'-terminus). All 
oligonucleotides were synthesised by TIB Molbiol Inc 
(Berlin, Germany). 

For TaqMan PCR calibration we generated a cal- 
ibrator dilution series for each reference gene ranging 
from 10 7 to 10 copies per 2 uL The required amount 
of specific cDNA was amplified from RT material of 
healthy human blood with specific primers. In case 
of p 2 -MG we performed plasmid specific PCR after 
cloning the target sequence into the pCR2.1-TOPO 
vector (TOPO TA Cloning Kit; Invitrogen Corp., Carls- 
bad, USA) using the M13 priming site on the LacZa 
fragment. After extraction from a 3% agarose gel 
(QIAquick Gel Extraction Kit; Qiagen, Hilden, Ger- 
many) the optical density was measured at 260 nM 
in a photometer and the number of copies was cal- 
culated. On every TaqMan PCR plate all the cal- 
ibration standards and cDNA samples were detected 
in duplicates using the ABI PRISM 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems, 
Foster City, USA) over 45 PCR cycles. 



RESULTS 

During TaqMan PCR fluorescence kinetic of a given 
sample follows a sigmoid growth function (Fig. 1A). 
The cycle when the signal exceeds a set threshold 
value (Ct; threshold cycle) is directly correlated to 
the calculated copy value of these dilution. Thus, the 
absolute copy amount of an unknown DNA sample 
can be calculated from the regression curve of the 
logarithmic scaled standard Ct values against the 
linear scaled standard copy amounts (Fig. IB). With 
our approach we obtained correlation coefficients (r) 
for beta-actin of 0.999, for p 2 -MG of 0.999 and for 
PBGD of 0.998. Figure 1C shows the corresponding 
results of the used standard series on a 3% agarose 
gel. All assays were able to amplify a minimum 
amount of 1 0 copies target cDNA per 2 ul sample. 
Intra-assay coefficients of variation (CV) were 6% (p- 
actin), 10% (p 2 -MG) and 27% (PBGD). Inter-assay 
CV were 7% (p-actin), 3% (p 2 -MG) and 1 6% (PBGD), 
as calculated by variation from the mean of three 
separate measurements of the same cDNA. Genomic 
DNA samples remained steadily negative over 45 
cycles of TaqMan PCR. Absolute copy numbers were 
calculated back to the initial cell numbers, which 
were set into the RNA extraction. As a result we 
obtained a copy/cell-ratio representing the average 



target RNA amount per cell. In Figure 2 this ratio is 
shown obtained from the different cell types. The 
average transcript level of beta-actin in the K562 
extractions was 1 544 copies/cell (sd: 246 copies/cell), 
491 copies/cell (so: 97 copies/cell) in the healthy 
blood donors and 84 copies/cell (sd: 51 copies/cell) 
in leucocytes derived from different cancer patients 
was. Differences between the cell types were sig- 
nificant as assessed by Students' f-test (P<0-001). The 
average transcript amount of p 2 -MG in K562 was 65 
copies/cell (sd: 30 copies/cell), 40 copies/cell (so: 17 
copies/cell) in normal leucocytes and 106 copies/cell 
(sd: 8 copies/cell) in cancer patients (P-values between 
each group was >0-05 but <0001 between K562 
cells and the cancer patients; n.s.). For PBGD, the 
average expression level of K562 was 22 copies/cell 
(sd: 8 copies/cell), 0-007 copies/cell (sd: 0-003 copies/ 
cell) in healthy blood donors leucocytes and 0-001 
copies/cell (sd: 0-0009 copies/cell) in leucocytes of 
the cancer patients. The P-value between healthy 
blood donors and cancer patients was >0-001 (n.s.), 
while means were significantly different between 
K562 cells, normal leucocytes and cancer patient 
leucocytes (P<0-001). 



DISCUSSION AND CONCLUSIONS 

The advantages of the TaqMan method regarding 
absolute quantification of DNA sequences can also 
be used for cDNA samples if appropriate control 
reactions are performed. However, this can be com- 
plicated by altered reference gene transcription within 
one individual or between different sample material. 6 
In search of a suitable control target we investigated 
three widely used reference genes with respect to 
their expression stability. We found comparable tran- 
scription levels within and between all samples for 
P 2 -MG and conclude that it is the most suitable 
endogenous reference from those tested. PBGD al- 
though shows a comparable average transcription 
rate in healthy blood donors and different cancer 
patients, but in the latter case with relatively high 
variations and with a very low absolute expression 
(<1 copies/cell). The differences of p-actin in all tested 
cells are acceptable, but, surprisingly, the degree of 
its expression varies from K562 cells > cancer patients 
> normal donors. 

Furthermore, p 2 -MG appears to be expressed in a 
suitable amount per cell. As one single PBGD RNA 
transcript does represent less than one cell it can be 
speculated that it does not fulfil the criteria of an 
'housekeeping gene' which is expected to be ex- 
pressed by every single cell. Possibly, PBGD tran- 
scription is restricted to certain subpopulations of 
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Fig. 2. Expression of reference genes in K562 cells, leucocytes of healthy blood donors and leucocytes of various 
cancer patients. For graphical reasons absolute amounts of PBCD transcripts are multiplicated by 10\ P-values of 
significance: *<0 001; **<0 01; ***>005. 



leucocytes. Finally, we were able to detect P-actin 
and p 2 -MG transcripts in as little as 1 0 000 cells. Even 
if not representative for a sufficient number of cells 
these genes can be used to detect the blank existence 
of a minimum of 10 4 cell/per reaction. 

It was claimed that RT-PCR has a sensitivity of 1 
molecule per 1 0 6 cells. However, this is an theoretical 
assumption as the RNA content of 10 6 cells (5-8 ug) 7 
cannot be analyzed in a single reaction. Thus, an 
amount of cDNA must be defined which represents 
a minimum number of cells. According to our ob- 
servation 10 s cells harbour 4-9 x 10 7 p-actin copies 
or 3-9 x10 6 p 2 -MC copies (healthy blood donors). 
We therefore suggest that these molecule numbers 
should be considered to guarantee that the quan- 
titative results represent at least 10 5 cells. 

It is now of interest whether all leucocyte types 
contribute equally to the absolute amount of reference 
genes which again is obligatory for constitutionally 
expressed control genes. Furthermore, their con- 
tribution within and between different tissues is of 
importance for future investigations. Further studies 
should aim to clarify this and possibly to identify 
superior control RNAs. 
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I. Description 

The purity and integrity of RNA isolated from tissue or cultured cells are 
critical for its effective use in applications such as Northern blot analysis, 
oligo(dT) selection of poly(A)+ RNA, cDNA library construction, translation 
in vitro and reverse transcription PCR< a > (RT-PCR). RT-PCR is a powerful 
method to identify and quantitate tissue-specific rare mRNAs from small 
amounts of total RNA and mRNA. In addition, RT-PCR allows the cloning of 
cDNA products without the need for constructing and screening cDNA 
libraries. As the use of amplification as a research tool has grown, the need for 
methods to rapidly isolate high-quality RNA from small amounts of starting 
material (i.e., tissue and cultured cells) has also increased. The RNAgents® Total 
RNA Isolation System is designed to address these needs. 
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The RNAgents® Total RNA Isolation System allows multiple RNA isolations 
from as little as 5mg of tissue. The system includes combined guanidine 
thiocyanate crystals and the CSB (Citrate/Sarcosine/P-Mercaptoethanol) Buffer 
in a single bottle of Denaturing Solution, provided ready to use. Furthermore, 
the Phenol:Chloroform:Isoamyl Alcohol Solution, provided with the system, has 
been optimized to remove contaminating chromosomal DNA from samples. 
The elimination of chromosomal DNA, a major advantage of this improved 
system, is an important consideration when the downstream application is 
amplification and analysis of RNA transcripts. 

The successful isolation of intact RNA requires four essential steps: i) effective 
disruption of cells or tissue; ii) denaturation of nucleoprotein complexes; iii) 
inactivation of endogenous ribonuclease (RNase) activity; and iv) removal of 
contaminating DNA and proteins. Most important is the immediate inactivation 
of endogenous RNase activity that is released from membrane-bound organelles 
upon cell disruption. The RNAgents® Total RNA Isolation System uses two 
potent inhibitors of RNase, guanidine thiocyanate and P-mercaptoethanol (1). In 
addition, all procedures are performed on ice to significantly slow the rate of 
RNA degradation (2). Guanidine thiocyanate with N-lauryl sarcosine also acts 
to disrupt nucleoprotein complexes, allowing RNA to be released into solution 
free of protein. Contaminants are separated by acid extraction using 
Phenol:Chloroform:Isoamyt Alcohol (3). DNA and proteins partition into the 
organic phase; the RNA partitions selectively into the aqueous phase. The RNA 
is recovered from the aqueous phase by precipitation with isopropanol. The 
procedure is easy to perform with large or small quantities of tissue or cultured 
cells, and it can be used to process multiple samples. The use of organic solvent 
extraction eliminates the need for ethanol and lithium chloride (LiCl) 
precipitations, cesium chloride gradients and ultracentrifugation. The use of 
LiCl can result in the loss of RNA smaller than 5.8S (4), and carryover of lithium 
salts can inhibit subsequent cDNA synthesis reactions (5). 

An alternative, shorter protocol is provided for purifying RNA for use in RT- 
PCR. This protocol, which can be completed in 90 minutes or less (Figure 1), 
includes a shorter isopropanol precipitation and omits a second solubilization in 
the Denaturing Solution and the subsequent precipitation in isopropanol. This 
procedure results in RNA yields similar to the standard protocol (see Table 2). 
For all applications other than RT-PCR, RNA should be isolated using the 
standard protocol. 

Note: If you are interested in using RNA purified with the RN Agents® Total RNA 
Isolation System for RT-PCR, please see Section V1I.B for a list of references for this 
application. 
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Standard RNAgents® 
System Protocol 

Homogenize cells or tissue in 
Denaturing Solution. 
(5 minutes) 



Modified RNAgents® 
System Protocol 

Homogenize cells or tissue in 
Denaturing Solution. 
(5 minutes) 



Add 2M Sodium Acetate (pH 4.0). 
Add Phenoi:Chloroform:lsoamyl Alcohol. 
Keep on ice. 
(15 minutes) 



Add 2M Sodium Acetate (pH 4.0). 
Add Phenol: Chloroform :lsoamyl Alcohol. 
Keep on ice. 
(15 minutes) 



Transfer to fresh tube; centrifuge. 
(20 minutes) 



Transfer to fresh tube; centrifuge. 
(20 minutes) 



Remove aqueous phase; 
precipitate with Isopropanoi. 
(30 minutes) 



"Pellet RN A. : ' 
r (15 minutes). 

i , ' ~ v W- 
: ■ + f; 0 * f ' , 
Dissolve in Denaturing Solution: j 
precipitate with Isopropanoi. • " 
: (30 minutes) ' . < 



Pellet RNA; wash with ethanol. 
(30 minutes) 



Remove aqueous phase; 
precipitate with Isopropanoi. 
(5 minutes) 



Pellet RNA; wash with ethanol. 
(30 minutes) 



Dry pellet; dissolve in 
Nuclease-Free Water. 
(15 minutes) 



Dry pellet; dissolve in 
Nuclease-Free Water. 
(15 minutes) 



Total Tims: 160 minutes 



Total Time: 90 minutes 



Figure 1. Summary of the standard and modified RNAgents® Total RNA 
Isolation System protocols. The modified RNAgents® System protocol is 
suggested for RT-PCR; the standard RNAgents® System protocol is recommended 
for all other applications. 



Promega Corporation * 2800 Woods Hollow Road • Madison, Wl 53711-5399 USA 

Toll Free in USA 800-356-9526 ■ Phone 608-2744330 ■ Fax 608-277-2516 • www.promega.com 

Printed in USA. Part#TB087 

Revised 3/05 Page 3 



© 

Promega 



II. Product Components 

Product Cat.# 

RN Agents® Total RNA Isolation System Z511Q 

For Laboratory Use. Each system contains sufficient reagents for isolation of total 
RNA from up to 6g of tissue or 6 x 10 R cells and can be scaled proportionally as 
needed. 
Includes: 

120ml RNAgents® Denaturing Solution 
1 0ml 2M Sodium Acetate (pH 4.0) 
100ml Phenol:Chloroform:Isoamyl Alcohol (99:24:1, pH 4.7) 
100ml Isopropanol 
25ml Nudease-Free Water 
1 Protocol 

Storage Conditions: Store the Phenol:Chloroform:Isoamyl Alcohol at 4°C. Store the 
remaining components at 4-25°C All components are stable for six months from the 
date of purchase unless otherwise mentioned on the product label. 

Note: N-lauryl sarcosine, present in the Denaturing Solution, may precipitate. If this 
occurs, redissolve by warming to 37°C just before use. 

Caution: Guanidine thiocyanate is a potent chaotropic agent and irritant. Phenol is 
poisonous and can cause severe burns. Wear gloves and safety glasses when 
handling these reagents. If phenol contacts the skin, rinse the area immediately with 
large quantities of water and seek medical attention. Do not rinse with ethanol! For 
additional precautions, refer to the Material Safety Data Sheets (MSDS) available on 
the Internet at: www.promega.com/msds/ 

Available Separately 

Product Size Cat.# 

RNAgents® Denaturing; Solution 12Qml Z5651 

For Laboratory Use. 

©When using RNAgents® Denaturing Solution (Git.# Z5651) to isolate total 
RNA, the user must supply phenol:chloroform:isoamyl alcohol [Sigma 
Cat.tf P1944 phenol.phloroform 5:1 for molecular biology (125:24:1 mixture of 
phenol, chloroform and isoamyl alcohol)) and 2M sodium acetate. 
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III. Creating a Ribonuclease-Free Environment 

Ribonucleases are difficult to inactivate. Therefore/ care should be taken to avoid 
inadvertently introducing RNase activity into the isolation procedure. The 
following precautions will help to prevent accidental contamination of samples. 

The more common sources of RNase contamination are the user's hands, and 
bacteria and molds that may be present on airborne dust particles. Therefore, 
wear gloves at all times and use proper microbiological sterile technique when 
handling the reagents. 

We recommend using sterile disposable plasticware for handling RNA. These 
materials are generally RNase-free and thus do not require pretreatment to 
inactivate RNase. 

Treat nondisposable glassware and plasticware before use to ensure that it is 
RNase-free. Bake glassware at 200°C overnight. Thoroughly rinse plasticware 
with 0.1N NaOH, ImM EDTA and then with Nudease-Free Water. Note: 
COREX® tubes should be rendered RNase-free by treatment with 0.1% diethyl 
pyrocarbonate (DEPQ instead of by baking. Baking will increase the failure 
rate of this type of tube during centrifugation. Alternatively, commercially 
available products, such as RNase AWAY® (Molecular Bio-Products), may be 
used to remove contaminating RNases. 

Use RNase-free materials for weighing chemicals. Solutions supplied by the 
user should be treated by the addition of DEPC to 01% overnight at room 
temperature and then autoclaved for 30 minutes to remove any traces of DEPC. 
Note: Tris buffers cannot be treated with DEPC. Prepare Tris buffers by using a 
container of Tris designated only for RNA isolations and DEPC-treated water 
that has been autoclaved. 



IV. RNA Isolation Procedure 

A variety of RNA isolation protocols from samples of plant and animal tissues 
or from cultured cells are provided. Please identify and read the subsection that 
applies to the source of RNA you are using. Many of the procedures require 
that the solutions be chilled on ice prior to use. Section IV. A outlines the steps 
for materials preparation. Table 1 lists the appropriate size tube for the 
centrifugation steps and the volumes of each reagent required (based on the 
mass of starting material) for the extraction procedures. 

For homogenizing a large mass of starting material (>75-l,000mg tissue or 
>7.5 x 106~l x 10» cells), use 50ml thick-walled polypropylene centrifuge tubes. 
For homogenizing a small mass of starting material (5-75mg tissue or 
5 x MP-7.5 * 10 6 cells), use 2ml screw-cap polypropylene tubes. Ensure that 
either type of tube is free of RNase contamination. 
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Materials to Be Supplied by the User 
(Solution compositions are provided in Section VflLC) 
37°C water bath or oven 

• tissue homogenizer (e.g., Brinkmann, Omni Micro or Dounce glass-Teflon®) 

• 50ml thick-walled polypropylene centrifuge tubes, DEPC-treated 
(e.g, Sorvall® Cat.# 03530 and 03535) 

• 50ml polypropylene screw-cap tubes (e.g., Corning Cat.# 430828) 

• 2ml screw-cap polypropylene tubes, sterile (e.g., Sarstedt Cat# 72.693.005) 

• ice-cold ethanol, 75%, RNase-free 

• 10X PBS buffer, sterile 

• DEPC 

• refrigerated centrifuge 

Table 1. Tube Size and Volumes of Reagents to be Used for Varying Tissue Mass 
and Cell Number. 



Recommended 2M Phenol: 

Tube Size Cultured Denaturing Sodium Chloroform: Denaturing 

(minimum) Tissue Cells Solution Acetate 1AA Solution* 



30ml 


l,000mg 


1.0x108- 


12ml 


1 # 200m1 . 


; 12ml 


5ml 


30ml 


750mg 


7.5 x 10 7 


fife-',, 

9ml 


900^1 


9ml 




15ml 


500mg 


5.0 x 10 7 


6ml 


600ul 


6ml 




15ml 


250mg 


2.5 x 10 7 


3ml 


300ul 


3ml 


2.5ml 


15ml 


lOOmg 


1.0 x 10 7 


1.2ml 


120ul 


1.2ml 




2ml 


75mg 


7.5 x10* : 


900nl 

6oouJj; 


90^1 


900^1 




1.5ml 


50mg 


5Sf* W 


60|al 


600nl 


500ul 


1.5ml ? 


25m# 


2.5 xW 


300^1 V 


30^1 : 


300nl : 


1 


0.5ml 


lOmg 


1.0 x 106 


120ul 


12ul 


120ul 


lOOul 


0.5ml 


5m K 


5.0 x 105 


60m 1 


6^1 


60^1 





Abbreviation: IAA = Isoamyl Alcohol. 

*Refers to the second resuspension with Denaturing Solution. 

Note: Samples of 75m g or less, or 7.5 x 10 6 cells or fewer, can be processed in 
microcentrifuge tubes. For tissue mass or cell numbers not listed in Table 1, use the 
next highest listed volume or proportionally scale the solutions to the sample size. 



Do not exceed lg tissue or 1 x 10 8 cells per 12ml (or \\\% per 5ul) of Denaturing 
Solution. 
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A. Preparation of Materials 

1. Pretreat the 50ml thick-walled polypropylene centrifuge tubes in 0.1% 
diethyl pyrocarbonate (DEPQ for one hour at room temperature and then 
autoclave the tubes for 30 minutes to destroy any residual DEPC. 
Alternatively, treat the tubes with an RNase-removing agent such as RNase 
AWAY®. 

2. Allow the provided Phenol:Chloroform:Isoamyl Alcohol to warm to room 
temperature for 15 minutes. Ensure that the phases are separated. 

3. Before use, chill the Denaturing Solution on ice. If needed, prepare and 
chill IX PBS buffer before use. 

B. Sample Preparation 

Samples to be extracted should be as fresh as possible to obtain optimal 
performance from this system. Otherwise, freeze the samples immediately in 
liquid nitrogen and store at -70°C for future use. The volumes of reagents may 
be adjusted proportionally for different amounts of starting material (Table 1). 
Samples homogenized in Denaturing Solution may be stored indefinitely at 
-70°C For valuable samples, we suggest that a portion of each sample be 
reserved at -70°C (in the event that loss of a sample occurs during the 
procedure). 

Animal Tissue 

1. Dispense the recommended volume of Denaturing Solution into a sterile 
tube and chill on ice for five minutes. 

Note: When working with >75-l,000mg of tissue, we recommend using a 
50ml, polypropylene screw-cap tube. These tubes will handle most 
standard size tissue disruption probes. For 5-75mg tissue samples, use a 
2ml screw-cap tube. However, a tissue disrupter (such as the Omni Micro 
Homogenizer) equipped with a microprobe will be needed. 

2. Place the fresh or frozen tissue sample into the Denaturing Solution and 
disrupt die tissue with a homogenizer on high setting for 15-30 seconds. 
Ensure that no fragments of tissue or clumps of cells are visible. 

Alternatively, if a mechanical homogenizer is not available, mince the 
tissue with a clean razor blade and disrupt with a Dounce glass-Teflon^ 
homogenizer. Process the samples as quickly as possible and proceed to 
Section IV.C 

Suspension Culture Cells 

Place cells in the appropriately sized tube (described in Table 1) and pellet the 
cells by centrifugation at 300 * g for 5 minutes at 4°C. Wash the cell pellet with 
25ml of ice-cold, sterile IX PBS and repeat the centrifugation. Decant the 
supernatant, add chilled Denaturing Solution (refer to Table 1 for the 
appropriate volume) and vortex, or homogenize as described in Step 2 of 
Section 1V.B (Animal Tissue). Proceed to Section IV.C. 
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Adherent Cells 

The following volumes are designed for processing 1 * 10 s cells. If fewer cells 
are to be processed, refer to Table 1 for appropriate volumes and tube sizes. 
Calculate the total number of flasks needed to provide approximately 1 * 10 8 
cells. Decant the culture medium from each flask and wash the cells with ice- 
cold, sterile IX PBS. 

1. Add 8ml of chilled Denaturing Solution to one of the flasks and rock by 
hand until the cells lyse. The solution will become very viscous. 

2. Carefully transfer the cell slurry from the first flask to the next flask, 
continuing the lysis procedure of Step 1 until all the cells of each flask have 
been lysed. 

3. Add 4ml of Denaturing Solution to the first flask. Rotate the solution 
thoroughly over the bottom of the flask to remove any remaining cells. 
Transfer this solution to each subsequent flask, as in Steps 1 and 2, to collect 
the remaining cells and lysate. 

Note: If any cells remain, use an additional 5-1 0ml of Denaturing Solution 
to wash the flasks. In this case, proportionately increase the amounts of 
other reagents to be added subsequently. 

4. Transfer the 12ml (or more) of lysed cells to a sterile 50ml centrifuge tube 
and vortex, or homogenize the cells as described in Step 2 of Section IV.B 
(Animal Tissue). Proceed to Section IV .C 

Plant Tissue 

1. Dispense the recommended volume of Denaturing Solution (see Table 1) 
into a sterile 50ml conical cell culture tube and chill on ice for five minutes. 

2. Freeze the freshly harvested tissue in liquid nitrogen. 

3. Grind the tissue under liquid nitrogen using a ceramic mortar and pestle. 

4. Allow the liquid nitrogen to evaporate, transfer the ground plant tissue to a 
sterile 50ml conical cell culture tube and homogenize as described in Step 2 
of Section rV.B (Animal Tissue). Proceed to Section IV.C 

C. RNA Extraction 

Note: When using RN Agents® Denaturing Solution (Cat.# Z5651) to isolate 
total RNA, the user must supply phenol:chloroform:isoamyl alcohol [Sigma 
Cat.# PI 944 phenolxhloroform 5:1 for molecular biology (125:24:1 mixture of 
phenol, chloroform and isoainyl alcohol)] and 2M sodium acetate. 

1. Add the recommended amount of 2M Sodium Acetate (pH 4.0) from 
Table 1 and mix thoroughly by inverting the tube 4-5 times. 

2. Add the recommended amount of Phenol:Chloroform:lsoamyl Alcohol 
(Table 1) to the tube, being careful to remove only from the lower organic 
phase. Cap the tube, carefully mix by inversion 3-5 times and then shake 
vigorously for 10 seconds. Chill on ice for 15 minutes. 
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3. Traasfer this mixture to the appropriate size DEPC-treated tube or sterile 
microcentrifuge tube and centrifuge at 10,000 * % for 20 minutes at 4°C. Use 
either a fixed-angle or swinging bucket rotor. 

4. Carefully remove the top aqueous phase that will contain the RNA and 
transfer it to a fresh DEPC-treated tube. DNA and proteins will remain in 
the organic phase and at the interface. Be careful to avoid taking material 
from the interface, which contains genomic DNA. 

D. RNA Precipitation and Resuspension 

The following procedure includes all the steps for the isolation of total RNA 
for use in any dowastream application. If the RNA is to be used for RT-PCR, 
Steps 3 and 4 may be omitted; the omission of Steps 3 and 4 constitute the 
modified protocol for use of the RNA sample in RT-PCR (see Figure 1). We 
have observed no difference in the purity or performance of RNA Isolated 
from mouse liver, as measured by A m / A^o Northern blotting or RT-PCR, 
between the two protocols. 

1. Add an equal volume of the provided Isopropanol to the aqueous phase 
and incubate the sample at -20°C for at least 5 minutes to precipitate the 
RNA. 

Note: To obtain the maximum yield from tissue samples that contain 
relatively low amounts of RNA, we recommend longer (30 minute) 
precipitations. 

2. Pellet the RNA by centrifugation at 10,000 * % for 10 minutes at 4°C 

3. Resuspend the RNA pellet in the recommended volume of Denaturing 
Solution (Table 1) and vortex until the RNA is dissolved. In some instances, 
heating to 65°C may be required to dissolve the pellet. Heat for as short a 
time as possible. 

4. Add an equal volume of Isopropanol and precipitate the RNA as described 
in Steps 1 and 2 above. Pellet the RNA by centrifugation at 10,000 x g for 10 
minutes at 4°C Proceed to Section IV.E. 
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E. RNA Wash 

1. Wash the pellet by adding a minimum of Imi of ice-cold 75% ethanol for 
small samples (in a microcentrifuge tube) or 10ml of 75% edianol for large 
samples. Break up the pellet with a sterile, RNase-free pipette tip or glass 
rod and centrifuge at 10,000 x g for 10 minutes at 4°C 

2. Air-dry the pellet in an RNase-free environment or in a vacuum desiccator 
for 5-20 minutes, depending on the size of the pellet. Do not overdry the 
pellet. Desiccated RNA is extremely difficult to resuspend. 

3. Use the average RNA yields given in Tables 2 and 3 to estimate the volume 
needed to dissolve the RNA at a convenient concentration for the intended 
application. Dissolve the RNA in the appropriate volume of the provided 
Nuclease-Free Water or in RNase-free TE buffer (Section VILQ, and store at 
-20°C 

For long-term storage, we recommend ethanol precipitation of the RNA; 
add 2M Sodium Acetate (pH 4.0) to a concentration of 0.25M and 2.5 
volumes of 100% ethanol. Mix by inversion, and store at -70°C. 

V. Determination of RNA Yield and Quality 

A. Yield and Purity 

The RNAgents® Total RNA Isolation System can be used to generate large 
amounts of intact RNA from a variety of tissue and cell sources. The yield of 
total RNA may be determined spectrophotometrically at 260nm, where 1 
absorbance unit (A 260 ) = 40ug of single-stranded RNA/ ml. The purity may be 
estimated, also by spectrophotometry, from the relative absorbances at 230, 260 
and 280nm (i.e., A m /A 2 ^). 

Table 2 lists representative values for RNA yield and purity/ by ratios for 
A 26 o/ A^d and A^f A m from mouse liver. Figure 2 shows the linearity of total 
RNA yield isolated from 5-l,000mg of mouse liver. 

Table 2. Yield of RNA per Gram of Mouse Liver Tissue. 

Average Average Average 



System/Protocol Yield A^Ajgo A^a/A^o 



RN Agents® System, Standard Protocol 


6.6mg 


1.99 


1.64 


RN Agents® System, Modified Protocol 


6.8mg 


1.97 


1.68 



Note: Averages were from three independent determinations. 
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0.8t 1CH 
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Tissue (mg) Tissue (g) 

Figure 2. Yield of total RNA versus tissue amount using the RN Agents® System. 
The yield of total RNA from mouse liver was determined from increasing amounts 
of tissue using the Modified RNAgents® System Protocol as outlined in Figure 1. 
Panel A. 5-100mg tissue samples. Panel B. 100-l,000mg tissue samples. 

RNA isolated with the RN Agents® System is substantially free of DNA and 
contaminating protein and may be used directly for any of the applications 
discussed in Section I. Pure RNA will exhibit an A 260 /A m ratio of 2.0. 
However, it should be noted that, due to the variations between individual 
starting materials and in performing the procedure, the range of expected 
RNA by A 260 / A 280 ratio will be 1.7-2.0. If the RNA exhibits a ratio <1.7, refer to 
Section VI for possible causes and suggestions on improving the purity of the 
RNA. Also, if the presence of trace amounts of genomic DNA will be a 
problem, a protocol is provided in Section VILA to digest any DNA while 
preserving the integrity of the RNA. Table 3 lists representative yields and 
A 26o/ A 2«o ranos of total RNA isolated from a number of different cell and 
tissue sources using the RNAgents® System with the optional steps (Section 
IV.D, Steps 3 and 4). Using this protocol, the RNA will usually exhibit an 
A260M230 rau0 of 15-2. Ratios lower than this generally indicate carryover 
contamination by guanidine thiocyanate during the precipitation steps. Refer 
to Sections VI and VILA for suggestions on improving the purity of the 
isolated RNA. 

Table 3. Yields and A 2f JA m Ratios of Total RNA Isolated from Tissues and 
Cells Using the Standard Protocol. 



Tissue Source Yield of Total RNA ^7hJ^m 



\ HeLa cells 


- ; 1.6mgRN A/108 cells 


_ m mm 


Human WBC 


1.3mg RNA/10 8 cells 




Mouse intestine 


23Sffl»g tissue 




Mouse spleen 


8.3mg RN A/ g tissue 


1.67 


Q "~ Mouse tun# 


l^mgRNA/g tissue 




Mouse liver 


6.6mg RNA/g tissue 


1.99 


I .M™!^y 


■;;-3,ln lg _RNA/gtL,sue,: ; 
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B. Integrity 

Determine the integrity of the purified RNA by denaturing agarose gel 
electrophoresis. Several methods are suitable for this purpose, using either 
formaldehyde (6,7) or glyoxal (7,8) as the denaturing agent The ratio of 28S to 
18S eukaryotic ribosomal RNAs should be approximately 2:1, by ethidium 
bromide staining, indicating that no gross degradation of RNA has occurred 
(see Figure 3). In RNA samples that have been degraded, this ratio will be 
reversed since the 28S ribosomal RNA characteristically is degraded to an IBS- 
like species. Refer to Sections HI and VI for suggestions on avoiding RNA 
degradation. 

C Applications and Comparisons to Alternative Protocols 

RNA samples isolated from mouse liver were evaluated by Northern analysis 
since the integrity of RNA is of critical importance (Figure 4). The RNA, isolated 
using the standard protocol, was found to be intact Using a mouse-specific a-1- 
antitrypsin probe, message was detected in as little as 0.75ng of total RNA. 

The sensitivity of detection achieved with the modified protocol, as determined 
by 35 rounds of cDNA amplification of the rare cytokine message IL-lp, was 
similar to the standard protocol and to the competitor's protocol (Figure 5). In 
this experiment, shortening the RNA isolation protocol does not affect the 
integrity of the RNA or the sensitivity of detection by RT-PCR (9). 



2 3 4 5 6 




28S 




Figure 3. Analysis of RNA isolated from various tissues with the RNAgents® 
System. RNA was Isolated from the following sources: HeLa cells (lane 1), mouse 
intestine (lane 2), mouse spleen (lane 3), mouse lung (lane 4), mouse kidney (lane 5) 
and mouse liver (lane 6). Five micrograms of each sample was resolved on a 1% 
denaturing agarose gel (2.2M formaldehyde). 
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Figure 4. Detection of a-l-antitrypsin in Northern blot of mouse liver RNA using 
the RN Agents® Total RNA Isolation System. RNA was isolated using the standard 
protocol for the RN Agents* System and loaded on a 1% MOPS formaldehyde- 
agarose gel as follows: 6ug (lane 1), 3ng (lane 2), 1.5}ig (lane 3), and 0.75ug (lane 4). 
RNA samples were resolved by electrophoresis, stained with ethidium bromide and 
transferred to a neutral nylon membrane in 20X SSC for 18 hours. The blot was 
washed in 2X SSC for 5 minutes, blotted dry, and the RNA was crosslinked by UV 
light using the Stratalinker* instrument on auto setting. The membrane then was 
baked under vacuum at 80°C for 30 minutes. The membrane was prehybridized (in 
5X SSC, 10% dextran sulfate, 40% deionized formamide and 0.5% SDS) for 1 hour at 
42°C and hybridized overnight (17 hours) at 42°C with a random-primed 
radiolabeled, mouse specific a-l-antitrypsin probe (5ng/ml) in prehybridization 
buffer. Following stringency washes of 5X SSC, 1% SDS and 0.1X SSC, 0.1% SDS for 
15 minutes at 65°C each, the blot was exposed to X-OMAT* film for 3.5 hours at 
25°C without an intensifying screen. 



Promega Corporation • 2800 Woods Hollow Road * Madison, Wl 53711-5399 USA 
Toll Free in USA 800-356-9526 ■ Phone 608-2744330 • Fax 608-277-2516 ■ www.promega.com 
Printed in USA. Part#TB087 
Revised 3/05 Page 13 



© 

Protnecjfi 



M1 23456789 10 11 12 




Figure 5. Amplification analysis of cDNA prepared from total RNA. Total RNA 
was prepared from mouse liver using the standard and modified protocols of the 
RNAgents® System and the protocol of another commercially available RNA 
extraction kit. The RNA was diluted in a three-step series of dilutions and reverse 
transcribed using AMV Reverse Transcriptase (Cat# M5101), Recombinant RNasin® 
Ribonuclease Inhibitor (Cat.# N2511) and an 01igo(dT) 15 Primer (Cat.# C1101). 
Amplification efficiency of each reaction was compared using primers for the rare 
cytokine message IL-lp. Amplification was performed using the protocols provided 
with Taq DNA Polymerase. One-sixth (5ui) of each cDNA sample was amplified in a 
50ul reaction containing primers at a concentration of luM each (primer sequences 
and amplification conditions were provided by Dr. A.L, Oaklander, Johns Hopkins 
University). Two-fifths (20ul) of each amplification reaction was analyzed by 2% 
agarose gel electrophoresis and ethidium bromide staining. The lanes represent PCR 
products from decreasing amounts of RNA template: lug (lane 1), 333ng (lane 2), 
lllng (lane 3), 37ng (lane 4), 12ng (lane 5), 4ng (lane 6), 1.4ng (lane 7), 457pg (lane 
8), 152pg (lane 9), 51pg (lane 10), 17pg (lane 11), and no RNA (lane 12). Lane M 
contains PCR Markers (Cat.# G3161). 
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VI. Troubleshooting 

For questions not addressed here, please contact your local Promega Branch Office or Distributor. Contact 
information available at ivww.promega.com. E-mail: techserv@promega.com 



Symptoms 



Causes and Comments 



Low A^/A^ ratios 



Protein contamination. Several methods may 
be used for further removal of contaminating 
protein from RNA. The most expedient 
method is to perform an additional 
phenol ichloroform extraction on the purified 
RNA. Repeat the procedures in Sections 
IV.C-IV.E. This additional organic solvent 
extraction should yield higher A^/A^ ratios. 
However, loss of RNA (as much as 40%) 
should be expected. 



Low A^/A^ ratios 



Guanidine thiocyanate contamination. 
Precipitate the RNA by adding 0.1 volume of 
2M Sodium Acetate (pH 4.0) and an equal 
volume of Isopropanol. Incubate at -20°C for 
30 minutes, and collect the RNA by 
centrifugation at 10,000 * g for 15 minutes at 
4°C Resuspend the RNA in ImM EDTA 
(RNase-free) or Nuclease-Free Water, and 
precipitate the RNA as described above. Add a 
minimum of 1ml or 15ml of 75% ethanol for 
samples in small or large tubes, respectively. 
Break up the pellet, either by vortexing or with 
a sterile RNase-free glass rod, and centrifuge 
at 10,000 * $ for 15 minutes. Remove the 
ethanol, dry the pellet in a vacuum desiccator 
for 15-20 minutes, and resuspend in 
Nuclease-Free Water. 



Presence of high molecular weight 
nucleic acids (detected at the well in 
ethidium bromide-stained gels or 
by RT-PCR) 



DNA contamination. See Section VILA on 
DNase treatment of RNA samples. 



RNA degradation 



RNase introduced by handling, or RNase not 
entirely inactivated. Use DEPC-treated glass- 
ware and solutions. A common misconception 
is that guanidine thiocyanate irreversibly 
denatures RNase. If a small amount of 
denatured RNase is present at the end of the 
procedure, it may renature when denaturing 
agents are removed, then degrade the sample. 
This is most likely with samples that contain 
very high amounts of endogenous RNase, such 
as rat pancreas. 
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VII. Appendix 

A. DNase Treatment of Total RNA Samples (optional) 

If the presence of trace amounts of contaminating genomic DNA will be 
problematic for a particular application, the following protocol may be used to 
remove DNA from the total RNA preparation. 

Materials to Be Supplied by the User 
(Solution compositions are provided in Section VILC) 
37°C water bath 

• RQ1 RNase-Free DNase (CatJ M6101) 
RQ1 DNase buffer, 10X (RNase-free) 

• Recombinant RNasin® Ribonuclease Inhibitor, 20-40u/^l (CatJ N2511) 

• ethanol, 70 and 100%, nudease-free 

• chloroform.isoamyl alcohol (24:1) 
RNase-free TE buffer (pH 7.4) 

• DTT, lOOmM (Cat.# P1171) 

• 3M sodium acetate (nudease-free; no pH adjustment) 

1. Digest the RNA sample with RQ1 RNase-Free DNase by setting up the 
following reaction. Add the components in the order that they are listed. 



Total RNA sample (l-2|ig/ul; in Nludease-Free Water or TE buffer) 50ul 
Nuclease-Free Water Xu.1 
RQ1 DNase buffer, 10X (RNase-free) lOul 
DTT, lOOrnM lOul 
RQ1 RNase-Free DNase 2 units 

Recombinant RNasin* Ribonuclease Inhibitor ^f: : 100 units 



Final volume o f - ' l OOul 



2. Incubate at 37°C for 15 minutes. 

3. Extract the RNA with an equal volume (lOOul) of the Phenol:Chloroform: 
Isoamyl Alcohol (99:24:1, pH 4.7), vortex for 1 minute and spin in a 
microcentrifuge at 12,000 x g for 2 minutes. Transfer the upper, aqueous 
phase to a new tube and perform a second extraction using 
chlorofonrrisoamyl Alcohol (24:1). 

Note: The treated samples must be extracted with Phenol:Chloroform:- 
Isoamyl Alcohol to remove the RQ1 RNase-Free DNase. 

4. Transfer the upper, aqueous phase to a new tube, and ethanol precipitate 
the RNA by adding sodium acetate to 0.3M and 2.5 volumes of 100% 
ethanol. Mix and place at -20°C for 15-30 minutes, then spin in a 
microcentrifuge at 12,000 x g for 5 minutes. Wash the RNA pellet with 1ml 
of RNase-free 70% ethanol and dry, not completely, under vacuum. 
Dissolve the RNA in Nuclease-Free Water (provided) or in RNase-free TE 
buffer (Section Vn.Q. Store at -70°C 

5. Determine the RNA concentration as described in Section V. If desired, 
analyze an aliquot of the RNA by gel electrophoresis (7). 
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B. RT-PCR 

The online Protocol and Applicatioas Guide, Chapter 1, covers general 
considerations for RT-PCR and can be found on Promega's web site at: 
www.promega.com/paguide/. References 10 and 11 offer more in-depth 
information on PCR. Reference 12 presents a comparison of different reverse 
transcriptases used in RT-PCR. 

Promega offers the Access RT-PCR System (Cat.# A1280 and A1250) and the 
Access RT-PCR Introductory System (CaL# A1260) for the generation of PCR 
products from total or messenger RNA. The Access RT-PCR Systems use AM V 
(Avian Myeloblastosis Virus) RT for first-strand cDNA synthesis and Tfi 
(Tliemus Jlavus) DNA Polymerase for second-strand cDNA synthesis and 
DNA amplification (13). Articles that describe the Access RT-PCR System and 
the RNAgents® Total RNA Isolation System can be found in references 14 and 
9, respectively. 

Alternatively, the ImProm-II™ Reverse Transcription System (Cat.# A3800) can 
be used for first-strand cDNA synthesis, then coupled with a thermostable 
polymerase such as Taq DNA Polymerase (Cat.# M1661) for PCR 
amplification. 
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C. Composition of Buffers and Solutions 

Note: As indicated in Section III, solutions supplied by the user should be 
treated by the addition of DEPC (except for Tris-based solutions and PBS 
buffer) to 0.1% overnight at room temperature, then autoclaved for 30 minutes 
to remove any traces of DEPC Tris buffers cannot be treated with DEPC 
Prepare Tris buffers by using a container of Tris designated only for RNA 
isolations. Use RNase-free materials for weighing chemicals, and use DEPC- 
treated water for solutions. 



Denaturing Solution (provided) 

26mM sodium citrate (pH 4.0) 

0.5% N-lauryl sarcosine 
0.1 25M [3-mercaptoethanol 
4M guanidine thiocyanate 

PBS buffer, 10X 
11.5g Na 2 HP0 4 
2g KH 2 P0 4 
80g NaCl 
2g Kd 

Dissolve in 1L of sterile, deionized 
water and autoclave. The pH of IX 
PBS should be 7.4. 

RQ1 DNase buffer, 10X (RNase- 
free) 

400mM Tris-HCl(pH7.9) 
lOOmM NaQ 
60mM Mgd 2 
lOOmM CaCl 2 

TE buffer (pH 7.4, RNase-free) 
lOmM Tris-HCl (pH 7.4) 
ImM EDTA(pH8.0) 

Note: Tris-containing solutions 
cannot be treated with DEPC. 
Prepare in Nuclease-Free Water and 
reserve a fresh stock of TE buffer for 
use in RNA procedures only. 
Alternatively, use 0.1% DEPC- 
treated water that has been 
autoclaved before adding Tris. 



2M Sodium Acetate (pH 4.0) 
Add 164.1g of sodium acetate, 
anhydrous (F.W. 82.03) to 300ml 
Nuclease-Free Water, Bring to pH 
4.0 ± 0.2 using glacial acetic acid. 
Bring to a final volume of 1 liter 
with nuclease-free water. 

Phenol:Chloroform:Isoamyl alcohol 

Customers using the RNAgents® 
Denaturing Solution (Cat.# Z5651) 
as a standalone item will need to 
provide tlieir own phenol:- 
chloroform:isoamyl alcohol solution 
[Sigma Cat# P1944 
(phenohchloroform 5:1 for molecular 
biology, 125:24:1 mixture of phenol, 
chloroform and isoamyl alcohol). 

ethanol, 70% and 75% 

Dilute 95% or 100% ethanol to 70% 

and 75% (v/v) with DEPC-treated 

water. 
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D. Related Products 
Total RNA Isolation Systems 

Product Size Cat.# 

SV Total RNA Isolation System* 50 preps Z3100 

250 preps Z31Q5 

SV Total RNA Isolation System, Trial Size* 10 preps Z3101 

Product Size Cat# 

SV 96 Total RNA Isolation System* 1x96 each Z3500 
5 x 96 each Z3505 

Product Size Cat# 

Miniprep Vacuum Adapters 20 each A1331 

SV Red Blood Cell Lysis Solution* 200ml Z3141 

SV RNA Lysis Buffer* 50ml Z3051 

*For Laboratory Use. 

RNA Isolation from Total RNA 

Product Cat# 

PolyATtrad? mRNA Isolation System 1 Z5210 

For Laboratory Use. Each system contains sufficient reagents for three separate 
mRNA isolations, each from l~5mg total RNA. 

Product Cat.# 

PoIyATtract® mRNA Isolation System PI Z5300 

For Laboratory Use. Each system contains sufficient reagents for fifteen separate 
mRNA isolations, each from 100-l,000ug total RNA. 

mRNA Isolation Directly from Biological Samples 

Product CatJ 

Poly ATtract® System 1000 Z5420 

For Laboratory Use. Each system contains sufficient reagents to Isolate mRNA from 
up to 2g of tissue or for isolations from up to 4 * 10 s tissue culture cells. 

Product CatJ 

PolyATtract® System 1000 Magnetic Separation Stand Z5410 

RNA Markers 

Product Size Cat.# 

RNA Markers 50ul G3191 

For Laboratory Use. 



Promega Corporation ■ 2800 Woods Hollow Road • Madison, WI 53711-5399 USA 
Toll Free in USA 800-356-9526 ■ Phone 608-2744330 * Fax 608-Z7-2516 • www.promega.com 
Printed in USA. Part#TB087 
Revised 3/05 Page 19 



© 

Promega 



Amplification-Related Products 

Please see our product catalog, available upon request from Promega, or visit our 
web site at: www.promega.com/catalog/ for a complete listing of our RNA isolation 
and amplification products. 

E References 

1. Oiirgwin, J.M. et al. (1979) Isolation of biologically active ribonucleic acid from 
sources enriched in ribonuclease. Biochemistry 18, 5294-9. 

2. Han, J.H. et al (1987) Isolation of full-length putative rat lysophospholipase cDNA 
using improved methods for mRNA isolation and cDNA cloning. Biochemistry 26, 
1617-25. 

3. Perry, R.P. et al (1972) On the lability of poty(A) sequences during extraction of 
messenger RNA from polyribosomes. Biochim. Biophys. Acta 262, 220-6. 

4. Stern, D.B. and Newton, KJ. (1986) Isolation of plant mitochondrial RNA. Meth. 
Enzymol 118, 488-96. 

5. Wallace, D.M. (1987) Precipitation of nucleic acids. Meth. Enzymol. 152, 41-8. 

6. Lehrach, H. et al (1977) RNA molecular weight determinations by gel electrophoresis 
under denaturing conditions, a critical reexamination Biochemistry 16, 4743-51. 

7. Ausubel, F.M. et al, eds. (1 993) In: Current Protocols in Molecular Biology, Greene 
Publishing Associates and John Wiley and Sons, New York, NY. 

8. McMaster, G.K. and Carmichael, G.G. (1977) Analysis of single- and double-stranded 
nucleic acids on polyacrylamide and agarose gels by using glyoxal and acridine 
orange. Proc. Natl Acad. Sri. USA 74, 4835-8. 

9. Brisco, P., Andersen, B. and Smith, C (1996) A rapid protocol for the isolation of total 
RNA suitable for RT-PCR. Promega Notes 55, 10-15. 

10. Ferre, F. (1992) In: PCR Methods and Applications 2, 1. 

11. Innis, M.A. et al, eds. (1990) In: PCR Protocols: A Guide to Methods and Applications, 
Academic Press, Inc., Orlando, 21. 

11 Cusi, M.G., Valassina, M and Valensin, P.E. (1994) Comparison of M-MLV reverse 
transcriptase and Tth polymerase activity in RT-PCR of samples with low virus 
burden. BioTechniques 17, 1034-6. 

13. Access RT-PCR System Technical Bulletin #TB220, Promega Corporation. 

14. Miller, K. and Storts, D. (1995) PCR ACCESS! A sensitive single-tube, two-enzyme 
system for RT-PCR. Promega Notes 53, 2-5 



Promega Corporation ■ 2800 Woods Hollow Road • Madison, WI 53711-5399 USA 
Toll Free in USA 800-356-9526 • Phone 608-274-4330 • Fax 608-277-2516 • www.promega.com 
Part#TB087 Printed in USA. 

Page 20 Revised 3/05 



MThe PCR process is covered by patents issued and applicable in certain countries*. Promega does not encourage or support the 
unauthorized or unlicensed use of the PCR process. 

«ln the US., effective March 29, 2006 r US. Pat. Nos. 4,683,1% 4,965,188 and 4,683,202 will expire. In Europe, effective March 28, 2006, 
European Pat Nos. 201,184 and 200362 will expire. 
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